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CHAPTER I 
INTRODUCTION
I n  t h e  l a s t  f i f t e e n  y e a r s ,  t h e r e  h a s  been  an i n c r e a s i n g  amount o f  
i n t e r e s t  i n  c h e m ic a l  com m unica tion  b e tw een  a n im a l s .  Much o f  t h e  r e ­
s e a r c h  em p h as is  h as  b een  on i n s e c t  p h e ro m o n es ,  b u t  ch e m ic a l  
com m unican ts  o f  o t h e r  a n im a ls  a r e  a l s o  b e in g  s t u d i e d .
A pherom one i s  a  c h e m ic a l  p ro d u c e d  by  one a n im a l  t o  comïïtunicate 
w i t h  a j i o t h e r  an im a l  o f  t h e  same s p e c i e s  (T u rn e r  § B a g n a ra ,  1971, p .
1 1 ) .  I t  may a c t  as a  r e l a t i v e l y  lo n g - t e r m ,  p h y s i o l o g i c a l  p r im e r  o r  as  
an im m ed ia te  b e h a v i o r a l  r e l e a s e r  (C heal § S p r c t t ,  1971).  As a  r e l e a s -  
ev,. i t  Kic-y s e r v e  t h e  f o l  low ing  f u n c t i o n s :  s e x  a t t r a c t i o n ,  a la rm -  
i n d u c t i o n ,  t r a i l - m a r k i n g ,  t e r r i t o r y  e s t a b l i s h m e n t ,  and i n d i v i d u a l  
r e c o g n i t i o n  (G leaso n  5 R e y n i e r s e ,  1 9 6 9 ) .
Among th e  i n v e r t e b r a t e s ,  i n s e c t s  have  b e e n  shouni t o  p ro d u c e  many 
d i v e r s e ,  h i g h l y  s p e c i f i c  pherom ones (W ilso n ,  1963; W ilson  4 B o s s e r t ,  
1963; J o h n s t o n ,  M o u lto n ,  § T u rk ,  1970; Wood, S i l v e r s t e i n ,  § N a k a jim a ,
1 9 7 0 ) .  I n s e c t  pherom ones h av e  s e r v e d  as  a s t i m u l u s  f o r  much r e s e a r c h  
b e c a u s e  c f  th e  p o s s i b l e  p r a c t i c a l  a p p l i c a t i o n s  o f  t h e  r e s u l t s .  F o r  
exariTple, a t t e m p t s  have  b e e n  made t o  c o n t r o l  p e s t  p o p u l a t i o n s  w i th  a  
c o m b in a t io n  o f  s e x  a t t r a c t a n t s  an d  p e s t i c i d e s  (B e ro z a ,  1970; Wood, 
S i l v e r s t e i n ,  5 N a k a j im a ,  1 9 7 0 ) .
R e c e n t ly  some in.ammalian pherom ones h ave  b een  i n v e s t i g a t e d ,  e . g .  
th o s e  o f  r a b b i t s  and m ic e .  R a b b i t s  mark t h e i r  t e r r i t o r i e s  and t h e i r  
m a te s  w i t h  a  c h in  g la n d  s e c r e t i o n  (Mykytowycz, 1965} . In  m ic e ,  t h e
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s c e n t  o f  a  m ale can s y n c h r o n iz e  e s t r u s  i n  a g ro u p  o f  fe m a le s  and  th e  
o d o r  o f  a  s t r a n g e  m ale  can  c a u s e  a b o r t i o n  i n  a  n e w ly -c o n c e iv e d  fe m a le  
(G le a so n  ^ R e y n ie r s e ,  1 9 6 9 ) .
The p i o n e e r  work i n  f i s h  pherom ones was done by  K a r l  von F r i s c h .  
I n  1938 von  F r i s c h  d i s c o v e r e d  " s c h r e c k s t o f f '  ( f e a r  s u b s t a n c e )  i n  
minnows (von F r i s c h ,  1938 , 1 9 4 1 ) .  A f e a r  s u b s t a n c e  i s  a  c h e m ic a l  r e ­
l e a s e d  from  t h e  s k i n  o f  a  wounded o r  d ead  f i s h  w hich  a la rm s  t h e  n e a r b y  
s c h o o l  and c a u s e s  i t s  members t o  f l e e .  T li is  r e s p o n s e  i s  c a l l e d  t h e  
" s c h r e c k r e a k t i o n "  o r  f e a r  r e a c t i o n .  S in c e  t h e  d i s c o v e r y  o f  t h e  f e a r  
r e a c t i o n ,  o t h e r  t y p e s  o f  c h e m ic a l  com m unica tion  i n  f i s h  have  b een  
s t u d i e d .  L ike  t h e  work w i th  i n s e c t s ,  t h i s  s tu d y  o f  c h e m ic a l  communi­
c a t i o n  i n  f i s h  may have  p r a c t i c a l  u s e s .  Among t h e  p o s s i b l e  com m ercia l
u s e s  o f  c h e m ic a l s  r e s e m b l in g  n a t u r a l  p r o d u c t s  a r e  s h a r k  r e p e l l e n t s  
( T e s t e r ,  1963) and a t t r a c t a n t s  f o r  s c h o o ls  o f  e d i b l e  f i s h  ( T e s t e r ,  
1952; van  W eel, 1 9 5 2 ) .  H a s l e r ' s  work cn t h e  homing o f  salm on (Has 1 e r ,
1957) may l e a d  t o  a  b e t t e r  u n d e r s t a n d i n g  and more c a r e f u l  management
o f  sa lm on  r u n s .  I t  may be  p o s s i b l e  t o  f i n d  " l o v e - i n "  pherom ones 
s i m i l a r  t o  th o s e  shown t o  c a u s e  a g g r e g a t i o n s  i n  y e l lo w  b u l l h e a d s  
( I c t a l u r u s  n a t a l i s )  (Todd, 1971) w h ich  c o u ld  be u s e d  t o  c o n t r o l  
h a t c h e r y  f i s h e s .
The im p o r ta n c e  o f  pherom ones  may be  a p p r e c i a t e d  when i t  i s  
r e a l i z e d  t h a t  o n ly  b i r d s  and  some o t h e r  mammals m atch  t h e  v i s u a l  
d ep en d e n c y  o f  man. O th e r  a n im a ls  r e l y  h e a v i l y  on s m e l l ,  t a s t e ,  t o u c h ,  
o r  a u d i t i o n  f o r  t h e i r  p e r c e p t i o n  o f  t h e  w o r ld .  The many e x p e r im e n ts  
on s e n s o r y  m o d a l i t i e s  o t h e r  t h a n  s i g h t  can  o n ly  ser-vre t o  b ro a d e n
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m a n 's  u n d e r s t a n d i n g  o f  t h e  a n im a l  k ingdom .
F o r  a  f i n a l  p r a c t i c a l  c o n se q u e n c e  o f  s tu d y i n g  p h e ro m o n es ,  t h i s  
g r e a t e r  u n d e r s t a n d i n g  and  a w a re n e s s  o f  t h e  p e r v a s i v e  r o l e  o f  c h e m ic a l  
p e r c e p t i o n  s h o u ld  make l a b o r a t o r y  s t u d i e s  o f  many k in d s  o f  a n im a ls  
more e x a c t  and s i g n i f i c a n t .
T h i s  p a p e r  d e a l s  w i th  one a s p e c t  o f  t h e  s tu d y  o f  ch e m ic a l  
p e r c e p t i o n ,  t h e  a b i l i t y  o f  b l a c k  b u l l h e a d s  ( I c t a l u r u s  m e l a s ) , a  
s p e c i e s  o f  c a t f i s h ,  t o  d i s c r i m i n a t e  b e tw een  i n d i v i d u a l s  by means o f  
o d o r  o r  t a s t e .
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CHAPTER I I  
SURVEY OF THE LITERATURE 
Uses o f  C hem ical R e c o g n i t i o n  b y  F i s h 
VJhile many f i s h  s p e c i e s  a r e  v i s u a l l y  o r i e n t e d ,  t h e r e  a r e  a l s o  many 
w h ich  r e l y  p r i m a r i l y  on c h e m o re c e p t io n  a n d / o r  a u d i t i o n  f o r  c h e i r  
r e s p o n s e  t o  s t i m u l i  from t h e  e n v i ro n m e n t .  C h em o recep tio n  r e f e r s  t o  
t h e  p r o c e s s e s  o f  o l f a c t i o n  and g u s t a t i o n .  O l f a c t i o n  i s  t h e  p e r c e p t i o n  
o f  c i ie m ic a ls  by  s e n s o r y  c e l l s  i n  t h e  o l f a c t o r y  e p i t h e l i u m  w hich 
t r a n s m i t  t h e  i n f o r m a t i o n  t o  t h e  b r a i n  \ i a  t h e  o l f a c t o r y  ( I )  n e r v e .  
G u s t a t i o n  i s  t h e  p e r c e p t i o n  o f  c h e m ic a ls  by  s e n s o r y  c e l l s  in  t h e  
t a s t e  buds  w hich  t r a n s m i t  i n f o r m a t i o n  to  t h e  b r a i n  v i a  t h e  f a c i a l  
( V I I ) ,  t h e  g lo s s o p h a r y n g e a l  ( IX ) ,  and t h e  v ag u s  (X) n e r v e s  (H a ra ,
1 9 7 1 ) .  By means o f  o l f a c t i o n  o r  g u s t a t i o n  c e r t a i n  f i s h  can  d i s t i n ­
g u i s h  members o f  t h e i r  own s p e c i e s ,  p r e d a t o r s ,  o t h e r  s p e c i e s  o f  f i s h ,  
d i f f e r e n t  p l a n t s ,  and a  v a r i e t y  o f  fo o d .
R e c o g n i t io n  o f  Con s p e c i f i c s
Among members o f  t h e i r  own s p e c i e s ,  f i s h  a r e  c a p a b le  o f  m aking 
many d i s t i n c t i o n s .  In  a  s e r i e s  o f  re w a rd  and p u n ish m e n t  c o n d i t i o n i n g  
e x p e r i m e n t s ,  Got (1941) d e te r m in e d  w hat d i s t i n c t i o n s  minnows (P h o x in u s  
l a e v i s ) c o u ld  make u t i l i z i n g  c h e m ic a l  c l u e s  from  o t h e r  f i s h .  A lth o u g h  
t r a i n i n g  r e q u i r e d  many r e p e t i t i o n s ,  t h e  f i s h  w ere  u l t i m a t e l y  a b l e  t o  
d i s t i n g u i s h  b e tw een  members o f  two d i f f e r e n t  g e n e r a ,  be tw een  two 
d i f f e r e n t  s p e c i e s ,  b e tw een  a p a i r  o f  l i k e - s e x e d  f i s h  and a  p a i r  o f  
o p p o s i t e - s e x e d  f i s h ,  a n d ,  f i n a l l y ,  be tw een  two members c f  t h e  same 
s p e c i e s .
4
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Von F r i s c h ’ s v/ork on t h e  f e a r  s u b s t a n c e  i n  minnows (P h o x in u s  
l a e v i s )  i n  1938 and 1941 s t a r t e d  a s e a r c h  f o r  t h i s  pherom one among 
many f i s h  s p e c i e s .  P f e i f f e r  (1960 , 1963) fo u n d  t h a t  t h e  a b i l i t y  t o  
p ro d u c e  a la rm  s u b s t a n c e  i s  w id e - s p r e a d  th r o u g h o u t  t h e  O s t a r i o p h y s i  
(an  o r d e r  w hich  i n c l u d e s  minnows and c a r p s ,  l o a c h e s ,  c a t f i s h e s ,  and  
c h a r a c i n s ) , b u t  i t  i s  n e t  e v i d e n t  i n  o t h e r  o r d e r s  o f  f i s h .  Upon 
p e r c e p t i o n  o f  t h e  a la rm  p h erom one , P h o x in u s  l a e v i s  become a g i t a t e d ,  
fo rm  a g r o u p ,  and th e n  f l e e .  O th e r  f i s h  show a v a r i e t y  o f  r e s p o n s e s  
t o  t h e i r  a la rm  s u b s t a n c e s .  Tench (T in e a  v u l g a r i s )  and c r u c i a n  car-p 
( C a r a s s i u s  c a r a s s i u s )  s t i r  up  t h e  s u b s t r a t e  and h i d e  i n  t h e  murky 
w a t e r .  Gudgeons ( Gobio f l u v i a t i l i s )  s to p  m oving. S ur  face-.swimming 
h a t c h e t  f i s h  (C a m e g i e l l a  s t r i g a t a )  d iv e  and form  s c h o o l s .  Among t h e  
f i s h  shown n o t  t o  p ro d u c e  s c h r e c k s t o f f  a r e  some c h a r a c i n s ,  some 
p o e c i l i d s ,  s a lm o n id s ,  c o x e g o n id s ,  G a s t e r o s t e u s , and P e r e a  ( S c h ü tz ,  
1 9 5 6 ) .
Some f i s h  can  r e c o g n i z e  t h e i r  own young by  c h e m ic a l  c lu e s  a lo n e ,  
e s p e c i a l l y  f i s h  w hich  c a r e  f o r  t h e i r  young a f t e r  h a t c h i n g .  J u s t  
b e f o r e  h a t c h i n g  and up t o  t h e  w r i g g l i n g  s t a g e ,  some c i c h l i d s  
(C ic h la so m a  n i g r o f a s c i a t u m  and  C. b i o c e l l a t u m )  can  d i s t i n g u i s h  t h e i r  
own young from  young o f  t h e  same o r  o t h e r  s p e c i e s  by c h e m ic a l  p e r c e p ­
t i o n  (M yrberg , 1 9 6 6 ) .  A f t e r  t h e  w r i g g l i n g  s t a g e ,  p a r e n t s  a p p a r e n t l y  
u s e  v i s u a l  c u es  t o  i d e n t i f y  t h e i r  young . The b l i n d  goby  
(T y p h lo g o b iu s  c a l i f o r n i e n s i s )  can  a l s o  r e c o g n i z e  i t s  own young by 
c h e m o re c e p t io n  ( M a c G in i t i e ,  1939) a s  can t h e  j e w e l  f i s h  (Hemichromis 
b i m a c u l a t u s ) (KLihme, 1963) .
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C hem ica l p e r c e p t i o n  may b e  u s e d  t o  i d e n t i f y  t h e  s e x  o f  a  n o n s p e c i ­
f i c .  The b l i n d  goby r e c o g n i z e s  members o f  t h e  same se x  and i t s  oivn 
m ate  by o l f a c t i o n  ( M a c G in i t i e ,  1 9 3 9 ) .  In  some b l e n n i e s ,  m ales  can  
d i s t i n g u i s h  f e m a le s  by  o l f a c t i o n  and i n  o t h e r  b l e n n i e s  a  n o n - in a te d  
r i p e  m ale  i s  a t t r a c t e d  t o  a  c h e m ic a l  p ro d u c e d  b y  a c o u r t i n g  m ale 
(L o se y ,  1 9 6 9 ) .  On t h e  o t h e r  h a n d ,  g u p p i e s ,  some s u n f i s h ,  and j e w e l  
f i s h  seem t o  r e l y  a lm o s t  e x c l u s i v e l y  on s e n s e s  o t h e r  th a n  s m e l l  i n  
r e c o g n i z i n g  m ates  ( B r e d e r ,  1935; N o b le ,  1934; N oble  § C u r t i s ,  1 9 3 9 ) .
I n  f i s h  w i th  a  f a i r l y  com plex  s o c i a l  s t r u c t u r e ,  o l f a c t i o n  may 
f u n c t i o n  a s  a means o f  r e c o g n i t i o n  o f  g ro u p  members. Todd, Atema, 
and  B ard ach  (1967) d e m o n s t r a t e d  t h a t  o l f a c t i o n  was s i g n i f i c a n t  i n  t h e  
s o c i a l  l i f e  o f  y e l lo w  b u l l h e a d s .
The m a in te n a n c e  o f  f i s h  s c h o o l s  may depend  i n  some s p e c i e s  cn  
c h e m ic a l  r e c o g n i t i o n  o f  i t s  m em bers. Hemmings (1963) b e l i e v e s  a  
c h e m ic a l  i s  r e s p o n s i b l e  f o r  k e e p in g  t h e  l o a c h  (R u t i l u s  r u t i l u s )  i n  a 
l o o s e  s c h o o l  f o rm a t io n  a t  n i g h t  when v i s i o n  i s  p o o r .  Pheromones seem 
t o  h e l p  fo rm  s c h o o ls  i n  t h e  b l i n d  cave  f i s h  o f  M exico (B re d e r  & 
R a s q u in ,  1 9 4 3 ) .  Cahn and Shaw b e l i e v e  o n ly  s i g h t  h a s  a c t u a l l y  b een  
p ro v e n  t o  c o n t r o l  f i s h  s c h o o l i n g  (Shaw, 1962; Cahn Ç Shaw, 1 9 6 3 ) .
R e c o g n i t io n  o f  P r e d a t o r
P r e d a t o r - p r e y  r e l a t i o n s h i p s  among f i s h e s  a p p e a r  t o  i n v o lv e  chem i­
c a l  r e c o g n i t i o n  i n  a t  l e a s t  two known c a s e s .  I f  w a t e r  from  a  t a n k  
c o n t a i n i n g  p i k e  (Esox) i s  i n t r o d u c e d  t o  a  t a n k  o f  P h o x in u s  w h ich  h av e  
h a d  p r i o r  e x p e r i e n c e  w i th  p i k e ,  t h e  minnows become a g i t a t e d  and th e n
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iiTimobile on t h e  b o tto m  o f  t h e  t a n k ,  o r  t h e y  " f r e e z e ” w i th o u t  p r i o r  
a g i t a t i o n  (Gbz, 1941).  Ifhen Esox s c e n t  i s  i n t r o d u c e d  t o  t h e  t a n k  o f  
t h e  m o s q u i t c f i s h  ( Gambusia p a t r u e l i s ) , t h e  f i s h  go i n t o  a  f r e n z y  and 
som etim es  l e a p , o u t  o f  t h e  t a n k ,  r e g a r d l e s s  o f  w h e th e r  t h e y  h ave  had  
p r i o r  e x p e r i e n c e  w i th  Esox [Goz, 1941).
Recc.gp.itio n  o f  A n o th e r  S p e c i e s
I n  a lm o s t  a  s y m b io t ic  r e l a t i o n s h i p  be tw een  r e d f l n  sh.i.ners 
(Not r o p  i 5 u m b ra t  i l l s )  æ id  s u n f i s h  ( Lepomis c y a n e l l u s ) , s c e n t  seems t o  
b e  im p o r t a n t .  H u n te r  and  H a s l e r  (1965) d e m o n s t r a te d  t h a t  r e d f i n  
s h i n e r s  spawn o v e r  s u n f i s h  n e s t s  more t im e s  t h a n  n o t  and th e  a t t r a c ­
t i o n  seems t o  b e  th e  s c e n t  o f  t h e  s u n f i s h  m i l t  and e g g s .  The 
a d v a n ta g e  f o r  t h e  s h i n e r  seems t o  be  t h e  c l e a n i n g  o f  i t s  eggs  by t h e  
s u n f i s h .
R e c o g n i t io n  o f  N o n -F ish  S c e n ts
In  a d d i t i o n  t o  v a r i o u s  pherom ones and s c e n t s  o f  d i f f e r i n g  f i s h  
s p e c i e s ,  o t h e r  o d o r s  o r  t a s t e s  p r o v id e  u s e f u l  i n f o r m a t i o n  t o  c e r t a i n  
f i s h .  Food and h a b i t a t  s m e l l s  a r e  i m p o r t a n t  t o  some s p e c i e s .
H a s l e r  (1957) h as  shown t h a t  a t  l e a s t  t h e  f i n a l  p a r t  o f  th e  
j o u r n e y  o f  salm on r e t u r n i n g  t o  spavm i s  d i r e c t e d  by  s c e n t s  from  th e  
s t r e a m  w here  t h e  salm on h a t c h e d .  H a s l e r  and W alker (1949) a l s o  demon­
s t r a t e d  by means o f  c o n d i t i o n i n g  e x p e r im e n ts  t h a t  b l u n t n o s e  minnows 
c o u ld  d i s c r i m i n a t e  b e tw een  v a r i o u s  p l a n t s  from  t h e i r  pond  h a b i t a t .
B la c k  b u l l h e a d s  can l o c a t e  fo o d  by s m e l l  and t a s t e  (B a rd a c h ,  Todd 
5 C r ic k m e r ,  1957) and  r e s p o n d  t o  v a r i o u s  fo o d  o d o rs  w i th  d i f f e r i n g
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d e g r e e s  o f  s e a r d i  a c t i v i t y  (O lm s te d ,  1 9 1 8 ) .  F o r  ex a m p le ,  t h e y  s e a r c h  
m ost v i g o r o u s l y  f o r  b i t s  o f  ea r thw orm  o r  l i v e r  and l e a s t  v i g o r o u s l y  
f o r  d e c a y in g  m ea t.
Some f i s h  e s t a b l i s h  s y m b io t i c  r e l a t i o n s h i p s  w i th  n o n - f i s h  s p e c i e s  
and r e c o g n i z e  t h e i r  h o s t s  b y  c h e m ic a l  p e r c e p t i o n .  An exam ple i s  t h e  
r e c o g n i t i o n  o f  t h e  h o s t  s e a  anemone ( S t o i c h a c t i s )  b y  t h e  d a m s e l f i s h  
(A m phiprion  p e r c u l a ) (D a v e n p o r t  § N o r r i s ,  1 9 5 8 ) .
B u l lh e a d s  as  E x p e r im e n ta l  A nim als  i n  C h em o recep tio n  R e s e a rc h
Most v e r t e b r a t e s  em p h a s iz e  one o r  two s e n s e s  f o r  t h e i r  p e r c e p t i o n  
o f  t h e  w o r ld ,  hTien one s e n s o r y  m o d a l i t y  i s  p o o r l y  d e v e lo p e d ,  
dam aged, o r  u n u s a b le ,  o t h e r  s e n s e s  f u n c t i o n  more a c u t e l y .  T h u s ,  
v j s u a l l y - d e f i c i e n t  a n im a ls  r e l y  more h e a v i l y  on s c e n t ,  t a s t e ,  t o u c h ,  
o r  a u d i t i o n  th a n  do s i g h t e d  a n im a l s .  ( V is u a l  d e f i c i e n c y  can r e s u l t  
f rom  an a c t u a l  b l i n d n e s s  o r  be  due t o  h a b i t s  o f  t h e  a n im a l ,  su ch  as 
l i v i n g  i n  muddy w a t e r . )  H en ce ,  p h e ro m o n es ,  w h ich  a r e  p e r c e i v e d  by  
o d o r  o r  t a s t e  r e c e p t o r s ,  a r e  u t i l i z e d  by  t h e  b l i n d  g o b y ,  t h e  b l i n d  
c a v e f i s h  o f  M exico , and l o a c h e s  w hich  s c h o o l  a t  n i g h t .
C a t f i s h  h a b i t s  and  n e u r a l  anatom y s u g g e s t  v i s u a l  d e f i c i e n c y .
T hese  f i s h  l i v e  p r i m a r i l y  i n  d a r k ,  murky w a t e r ,  on o r  n e a r  t h e  b o t to m ,  
and a.re m o s t  a c t i v e  a t  n i g h t  (T ra u tm a n ,  1 9 5 7 ) .  V i s io n  u n d e r  t h e s e  
c o n d i t i o n s  w ould  n o t  b e  a u s e f u l  s e n s e .  A l s o ,  t h e  l a r g e  o l f a c t o r y  
b u lb s  o f  c a t f i s h  a r e  l o c a t e d  n e a r  t h e  com plex n a s a l  a p p a r a tu s  and  
t h e i r  o p t i c  lo b e s  a r e  s m a l l  and in c o n s p ic u o u s  (A tem a, Todd, S B a rd a c h ,  
19 6 9 ) .  The w hole body  o f  a  c a t f i s h  i s  c o v e re d  w i t h  t a s t e  b u d s .
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v,’h i c h  a r e  m ost c o n c e n t r a t e d  on t h e  b a r b e l s  a ro u n d  t h e  mouth and on t h e  
d o r s a l  s u r f a c e  o f  t h e  body (B a rd a c h ,  Todd, S C r ic k m e r ,  1 9 6 7 ) .  The 
n a s a l  a p p a r a t u s  h as  a n t e r i o r  and  p o s t e r i o r  o p e n in g s  and many e p i t h e ­
l i a l  f o l d s  o v e r  w hich  w a t e r  p a s s e s  ( K l e e r e k o p e r , 1 9 6 9 ) .  A l l  o f  t h e s e  
a n a to m ic a l  f e a t u r e s  s u g g e s t  a s i  g M iif ican t u s e  o f  o l f a c t i o n  and t a s t e  
and l i t t l e  u se  o f  s i g h t  by  c a t f i s h .  E x p e r im e n ts  h ave  shovm t h a t  
c a t f i s h  do u t i l i z e  s m e l l  and t a s t e  a lm o s t  e x c l u s i v e l y  i n  t h e i r  p e r ­
c e p t i o n  o f  t h e i r  s u r r o u n d i n g s .  T e s t s  h av e  b een  p e r fo rm e d  on b o th  
b l i n d e d  and i n t a c t  a n im a ls  t o  show t h a t  t h e  t e s t  f i s h  c o u ld  p e r fo rm  
t h e  same r e g a r d l e s s  o f  t h e  s t a t e  o f  t h e i r  v i s i o n .
In  e x p e r im e n ts  v : i th  broum b u l l h e a d s  ( I c t a l u r u s  n e b u lo s u s )  , P a r k e r  
(1910) su sp e n d e d  two c h e e s e c l o t h  b ag s  i n t o  t a n k s  c o n t a i n i n g  a  p a i r  o f  
f i s h .  The dummy b ag  h e l d  n o t h i n g  and t h e  t e s t  b a g  h e l d  m inced  
ea r th w o rra s .  Tlie f i s h  w ould  p u l l  a t  t h e  worm bag and ig n o r e  t h e  dummy 
bag . I f  t h e  b a r b e l s ,  w hich  c o n t a i n  h u n d re d s  o f  t a s t e  b u d s ,  w ere  
a b l a t e d ,  t h e  f i s h  would s t i l l  p u l l  a t  t h e  worm b a g .  However, i f  t h e  
o l f a c t o r y  t r a c t  was c u t ,  t h e  f i s h  w ould ig n o r e  b o th  b a g s .  IT iis  seems 
t o  s u g g e s t  t h a t  s c e n t  i s  t h e  means b y  w h ich  t h e  b u l l h e a d  l o c a t e s  i t s  
f o o d ;  h o w e v 'e r ,c u t t in g  o f f  t h e  b a r b e l s  d o es  n o t  d e s t r o y  t h e  t a s t e  
buds  i n  t h e  p h a ry n x  n o r  t h e  ones  on t h e  s u r f a c e  o f  t h e  body .
O lm sted  (1918) a l s o  s t u d i e d  fo o d  p e r c e p t i o n  by  t h e  brown b u l l h e a d .  
He su sp e n d e d  two c h e e s e c l o t h  b ag s  i n  t h e  f i s h  t a n k s ,  one c o n t a i n i n g  
a  s to n e  w rapped i n  c o t t o n  and  t h e  o t h e r  c o n t a i n i n g  v a r i o u s  fo o d  
s u b s t a n c e s  w rapped  i n  c o t t o n .  Ox a l l  t h e  o r g a n i c  m a t e r i a l s  t e s t e d ,  
ea r th w o rm  and  l i v e r  w ere  t h e  m ost s t i m u l a t i n g .  A l l  d e c a y e d  f l e s h .
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e x c e p t  ea r th w o rm , e l i c i t e d  l i t t l e  r e s p o n s e .  I f  t h e  b a r b e l s  were 
removed from  t h e  f i s h ,  t h e  a n im a ls  fo u n d  th e  fo o d  bag  o n ly  s l i g h t l y
l e s s  r a p i d l y  th a n  i n t a c t  f i s h .  I f  t h e  a n t e r i o r  n a r e s  were sewn s h u t ,
t h e r e  was no  s e a r c h i n g  t o r  t h e  fo o d .  A g a in ,  t h i s  seems t o  s u g g e s t
t h e  p re d o m in a n c e  o f  th e  u se  o f  o l f a c t i o n  f o r  f i n d i n g  f o o d ,  w i th  t h e
same r e s e r v a t i o n  as ab o v e .
In  1967, B a rd a c h ,  Todd, and C rick m er  i n v e s t i g a t e d  l o c a t i o n  o f  
fo o d  by brown and y e l lo w  b u l l h e a d s .  The f i s h  w ere  p l a c e d  in  a  l a r g e  
t a n k  i n t o  w hich  an o d o ro u s  l i q u i d ,  such  a s  worm e x t r a c t ,  was r e l e a s e d .  
The p a t h  o f  t h e  f i s h  t o  t h i s  " fo o d "  was r e c o r d e d .  The f i s h  swam 
d i r e c t l y  to w a rd s  t h e  " c lo u d "  o f  s c e n t  and p e r fo rm e d  f i g u r e - e i g h t s  
w i t h i n  t h e  c lo u d  u n t i l  t h e  e x a c t  o d o r  s o u rc e  was l o c a t e d .  Both 
b a r b e l l e s s  f i s h  and f i s h  w i th  t h e  n a r e s  c a u t e r i z e d  a c t e d  i n  t h i s  man­
n e r .  The c a u t e r i z e d  f i s h  d i d  n o t  move t h e i r  h e a d s  from  s i d e - t o - s i d e  
b e f o r e  b e g in n in g  t h e  s e a r c h  f o r  f o o d ,  b u t  i n  o t h e r  r e s p e c t s  t h e i r  
b e h a v io r  m atched  t h a t  o f  b a r b e l l e s s  o r  i n t a c t  f i s h .  A change  i n  
s e a r c h  b e h a v io r  o c c u r r e d  when a l l  t h e  b a r b e l s ,  n a r e s ,  and t a s t e  b u d s  
on one s i d e  ( e x c e p t  th e  t a s t e  b u d s  i n  t h e  p h a ry n x )  w ere  d e s t r o y e d .  
U nder t h e s e  c o n d i t i o n s ,  t h e  f i s h  made s e v e r a l  s m a l l  c i r c l e s  to w a rd s  
t h e i r  i n t a c t  s i d e s  a lo n g  t h e i r  p a t h  to w a rd s  t h e  s c e n t  c lo u d .  T hese  
e x p e r im e n ts  s u g g e s t  t h a t  o l f a c t i o n  and t a s t e  work t o g e t h e r  i n  t h e  
p e r c e p t i o n  and l o c a t i o n  o f  f o o d ,  s i n c e  t h e  f i s h  s e a r c h e s  n o rm a lly  
when e i t h e r  s e n s e  o rg a n  i s  rem o v ed ,  b u t  n o t  when b o th  a r e  d e s t r o y e d .
Chem ical p e r c e p t i o n  may b e  in v o lv e d  i n  t h e  r e p r o d u c t i v e  b e h a v i o r  
o f  c a t f i s h .  Both b l i n d e d  and  i n t a c t  m ale  c h a n n e l  c a t f i s h  ( I c t a l u r u s
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p u n c t a t u s )  r e sp o n d e d  t o  t h e  s c e n t  o f  a r i p e  f e m a le  o f  t h e  same s p e c i e s  
b y  s e a r c h i n g  a ro u n d  a  p o i n t  s o u rc e  (Timms # K le e r e k o p e r ,  19 7 2 ) .
Bowen (1951) a t t e m p te d  t o  f i n d  e v id e n c e  f o r  a  pherom one r e s p o n s i ­
b l e  f o r  m a i n t a i n i n g  t h e  m a s s iv e  s c h o o l s  o f  b l a c k  b u l l h e a d  young . 
T r a n s f e r r i n g  t h e  w a t e r  o f  one s c h o o l ' s  t a n k  t o  an e x p e r im e n ta l  t a n k  
c o n t a i n i n g  one f i s h  p ro d u c e d  no  s i g n i f i c a n t  r e s p o n s e  by  t h e  t e s t  
f i s h .  A f t e r  f u r t h e r  e x p e r i m e n t a t i o n ,  Bowen c o n c lu d e d  t h a t  to u c h ,  
s i g h t ,  and  p r e s s u r e  w ere  t h e  p a r a m e te r s  c o n t r o l l i n g  t h e  s c h o o l in g  o f  
j u v e n i l e  b l a c k  b u l l h e a d s .
Y ellow  b u l l h e a d s  h a v e  b e e n  shown t o  have  com plex s o c i a l  b e h a v io r  
i n  t h e  l a b o r a t o r y  (Todd, Atema R B a rd a c h ,  1967; Todd, 1968; Todd,
1 9 7 1 ) .  They m a i n t a i n  d i s t i n c t  t e r r i t o r i e s  u s u a l l y  i n  a r e a s  o f  t h e  
t a n k  c o n t a i n i n g  a  h i d i n g  p l a c e  o f  some s o r t ,  and  t h e y  e s t a b l i s h  a  
d o m in a n t - s u b o r d in a t e  r e l a t i o n s h i p  w i th  one f i s h  dom in an t o v e r  t h e  
o t h e r  t a n k  members. A g g re s s io n  to w a rd s  s t r a n g e r s  i s  u s u a l l y  v i o l e n t ,  
b u t  once  dom inance and s u b o rd in a n c e  a r e  e s t a b l i s h e d  o n ly  m in o r ,  n o n ­
v i o l e n t  s k i r m i s h e s  p e r s i s t .  D e s t ro y in g  t h e  n a r e s  o f  y e l lo w  b u l l h e a d s  
c o m p le te ly  b r e a k s  down t h e  o r d e r  n o r m a l ly  m a in t a in e d  i n  a  community 
t a n k .  The b u l l h e a d s  f i g h t  c o n t i n u a l l y  and  v i c i o u s l y  w i th  no  e s t a b -  
l i s l m e n t  o f  s o c i a l  h i e r a r c h i e s  and l i t t l e  r e c o g n i t i o n  o f  s i z e  o f  o t h e r  
f i s h ;  s m a l l  f i s h  may a t t a c k  much l a r g e r  f i s h  (B a rd ach  § Todd , 1 9 7 0 ) ,
S e v e r a l  e x p e r im e n ts  w ere  p e r fo rm e d  w i t h  y e l lo w  b u l l h e a d s  t o  i l l u m i ­
n a t e  t h e  e x a c t  r o l e  o f  o l f a c t i o n  i n  t h e i r  s o c i a l  b e h a v i o r  (Todd, Atema 
S B a rd a c h ,  1967; B ardach  § T odd , 1 9 7 0 ) .  I n  t h e  f i r s t  s e t  o f  e x p e r i ­
m e n t s ,  a  f i s h  was p l a c e d  i n  an e x p e r im e n ta l  t a n k  and p r e s e n t e d
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a l t e r n a t e l y  w i th  t h e  o d o rs  o f  two o t h e r  b i l l h e a d s .  W ith  one o d o r ,  t h e  
f i s h  was re w a rd e d  w i th  f o o d ;  w i t h  t h e  o t h e r  o d o r ,  t h e  f i s h  was 
p im is h e d  w i th  an e l e c t r i c  sh o c k .  A f t e r  much t r a i n i n g ,  t h e  f i s h  
b e h a v i o r a l l y  d e m o n s t r a te d  an a b i l i t y  t o  d i s c r i m i n a t e  be tw een  o d o rs  o f  
two o t h e r  b u l l h e a d s .  T h u s ,  o l f a c t i o n  can  be  u t i l i z e d  t o  r e c o g n iz e  
o t h e r  y e l lo w  b u l l h e a d s .
A d u lt  y e l lo w  b u l l h e a d s  o c c a s i o n a l l y  form  l a r g e  a g g r e g a t i o n s .  I f  
s e v e r a l  n e w ly - t r a p p e d  b u l l h e a d s  w ere p l a c e d  t o g e t h e r  i n  a  t a n k ,  t h e y  
fo rm ed an a g g r e g a t i o n .  W ater  p a s s e d  from  t h e  t a n k  o f  such  a  g roup  t o  
t h e  t a n k  o f  two p u g n a c io u s  t e r r i t o r i a l  y e l lo w  b u l l h e a d s  c a u se d  t h e  
two f i s h  t o  c e a s e  f i g h t i n g  and c o - e x i s t ,  som etim es even  i n  t h e  same 
h i d i n g  p l a c e .  I f  l e f t  t o g e t h e r  w i th o u t  t h e  " l o v e - i n ” w a te r  ( so  named 
by  Todd , 1 9 7 1 ) ,  t h e  two f i s h  resum ed  t h e i r  b a t t l e s  t o  e s t a b l i s h  
t e r r i t o r i e s . Todd b e l i e v e s  t h e r e  may be  a  s c e n t  p ro d u c e d  by  t h e  g roup  
o f  f i s h  w h ich  in d u c e s  a g g r e g a t i o n  b e h a v i o r  i n  o t h e r  b u l l h e a d s .
A t h i r d  s e t  o f  e x p e r im e n t s  was d e s ig n e d  t o  t e s t  t h e  r o l e  o f  
o l f a c t i o n  i n  d o m in a n t - s u b o r d in a t e  r e l a t i o n s h i p s  (Todd, 1968; B ardach  
§ Todd, 1 9 7 0 ) ,  A p a i r  o f  y e l lo w  b u l l h e a d s  was p l a c e d  i n  a t a n k  and  
a l lo w e d  t o  f i g h t  u n t i l  one f i s h  was d o m in an t and t h e  o t h e r  s u b o r d i ­
n a t e .  They w ere  th e n  r e t u r n e d  t o  t h e i r  r e s p e c t i v e  home t a n k s  and 
t w e n t y - f o u r  h o u r s  l a t e r  t h e  w a te r  o f  ea c h  was added t o  t h e  t a n k  o f  
t h e  o t h e r  f i s h .  I n  a d d i t i o n ,  e a c h  f i s h  h a d  t h e  w a t e r  o f  a " s t r a n g e r ” 
f i s h  (one  w i th  w hich  n e i t h e r  liad b e e n  i n  c o n t a c t )  added  t o  i t s  t a n k .  
The r e a c t i o n s  o f  t h e  f i s h  w ere  d e p e n d e n t  on w h ich  w a t e r  was ad d ed .
The d o m in an t f i s h  g ap ed  a t  and  s e a r c h e d  v i g o r o u s l y  f o r  t h e
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s u b o r d i n a t e ' s  v ;a te r .  The s u b o r d i n a t e  f i s h  f l e d  from  t h e  w a te r  o f  a 
d o m in a n t .  Both s u b o r d i n a t e s  and d o m in an ts  s e a r c h e d  th ro u g h o u t  th e  
t a n k s  f o r  t h e  s t r a n g e r  w a t e r .  T hese  r e s u l t s  i n d i c a t e  t h a t  y e l lo w  
b u l l h e a d s  can p e r c e i v e  a c h e m ic a l  p ro d u c e d  by  a n o t h e r  b u l lh e a d  and 
t h e r e b y  d e te r m in e  t h e  d o m in a n t - s u b o r d in a t e  r e l a t i o n s h i p  t o  t h e  t e s t  
f i s h .
T h a t  t h i s  " s t a t u s ' '  c h e m ic a l  can  change  was d e m o n s t r a te d  when a 
f o r m e r l y  dom inan t t e s t  f i s h  v;as b e a t e n  by a n o t h e r  f i s h .  When th e  
t e s t  f i s h  was r e -m a tc h e d  w i th  i t s  o r i g i n a l  p a r t n e r ,  i t  was a t t a c k e d  
a s  th o u g h  i t  w ere  a  f i s h  o f  e q u a l  o r  i n f e r i o r  s t a t u s  and n o t  t h e  
d om inan t f i s h  (B a rd ach  q Todd , 1 9 7 0 ) .  R e c o g n i t io n  o f  w a te r  from 
a n o t h e r  f i s h ' s  t a n k  seems t o  p e r s i s t  f o r  s e v e r a l  weeks (Todd, 1 9 7 1 ) .
In  one c a s e ,  a  l a r g e  b u l l h e a d  jumped i n t o  a  n e ig h b o r in g  ta n k  and so  
f r i g h t e n e d  t h e  o c c u p a n ts  t h a t  a l l  b u t  two le a p e d  from t h e  t a n k  and 
w ere  k i l l e d  i n  t h e  f a l l  t o  t h e  f l o o r .  The s u r v i v i n g  f i s h  w ould 
q u i c k l y  f l e e  and h id e  from  t h e  w a te r  o f  t h e  a g g r e s s i v e  f i s h ' s  t a n k  up 
t o  f o u r  m onths l a t e r ,  even  w i t h o u t  coming i n  c o n t a c t  a g a in  w i th  t h i s  
f i s h .
B ecause  b l a c k  b u l l h e a d s  a r e  c l o s e l y  r e l a t e d  t o  y e l lo w  b u l l h e a d s  
and  b e c a u s e  p r e l i m i n a r y  o b s e r v a t i o n s  d e m o n s t r a te d  t h a t  t h e i r  
b e h a v i o r s  a r e  s i m i l a r ,  i t  was p o s t u l a t e d  t h a t  b l a c k  b u l l h e a d s  may a l s o  
em ploy pherom ones i n  t h e  m a in te n a n c e  o f  d o m in a n t - s u b o r d in a t e  r e l a t i o n ­
s h i p s .  I f ,  in d e e d ,  t h e  b l a c k  b u l l h e a d s  showed d e f i n i t e  d o m in a n t-  
s u b o r d i n a t e  r e l a t i o n s h i p s  when p a i r e d ,  t h e  b e h a v i o r  e x h i b i t e d  i n  t h e  
e s t a b l i s h m e n t  o f  t h i s  r e l a t i o n s h i p  c o u ld  b e  u s e d  as  e v id e n c e  o f
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r e c o g n i t i o n  o f  a  c o m b a ta n t  i f  i t  a p p e a re d  when d o m in an t w a te r  was added  
t o  a  s u b o r d i n a t e ' s  t a n k  and v i c e  v e r s a .
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CHAPTER I I I  
MATERIALS AND METHODS 
Tank S e t-U p
F i s h  t a n k s  w ere  s e t  up i n  t h e  Aquarium Room, H e a l th  S c ie n c e s  
B u i l d i n g ,  U n i v e r s i t y  o f  M ontana . Windows w ere  c o v e re d  w i th  b la c k  
p l a s t i c  t o  p r e v e n t  e x c e s s i v e  a l g a l  g ro w th  i n  t h e  a q u a r i a .  The f l u o r ­
e s c e n t  l i g h t s  w ere  n o t  m a in t a in e d  on a s e t  p h o t o p e r io d .
I n d i v i d u a l  f i s h  w ere  k e p t  i n  s t e e l - f r a m e d  a q u a r i a  w i th  g l a s s  w a l l s  
and  b o t to m s .  Two o f  t h e s e  8 4 - l i t e r  t a n k s  w ere  f i l l e d  w i th  w a t e r  and 
h a d  t h e  same f i l t e r  a r r a n g e m e n t  a s  t h e  o t h e r s  b u t  h e l d  no  f i s h .  They 
w ere  m a in t a in e d  f o r  i s o l a t i o n  o f  s i c k  f i s h  and f o r  s tu d y  o f  t h e  move­
ment o f  dye i n  t h e  w a t e r .  Two t a n k s  c o n ta in e d  more th a n  one f i s h .
One o f  t h e s e ,  t h e  u p p e r  h o l d i n g  t a n k ,  c o n ta in e d  f i v e  f i s h  and  was a  
2 5 5 - l i t e r  a q u a r iu m . The lo w e r  h o ld in g  ta n k  o f  1 2 2 - l i t e r  c a p a c i t y  h e l d  
f o u r  a d u l t  f i s h  and an i n c h - l o n g  j u v e n i l e .
The 8 4 - l i t e r  a q u a r i a  w ere  a r r a n g e d  w i th  two t a n k s  on to p  and two 
t a n k s  on t h e  b o t to m  o f  s t e e l  r a c k s .  The u p p e r  and h o ld in g  t a n k s  w ere  
a l s o  k e p t  on a s t e e l  r a c k .  (See  F ig .  1 f o r  t h e  a r ra n g e m e n t  o f  t h e  
t a n k s . )
B lack  p l a s t i c  was t a p e d  on t h e  ends o f  a l l  t h e  i n d i v i d u a l  t a n k s .  
The t a n k s  r e s t e d  on wooden b lo c k s  on t h e  r a c k s ,  and t h e  s i d e s  o f  t h e  
t a n k s  d id  n o t  t o u c h .  T h u s ,  t h e  f i s h  w ere  i s o l a t e d  b o t h  v i s u a l l y  and 
p h y s i c a l l y  from  one a n o t h e r .
Each 8 4 - l i t e r  a q u a r iu m  c o n t a i n e d  two p l a s t i c  u n d e r g r a v e l  f i l t e r s
15
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w i th  a i r  i n p u t  and o u t p u t  t u b e s  i n  t h e  two b ack  c o m e r s  ( F ig .  2 ) .
A lso  i n  e a c h  t a n k  was a  p l a s t i c  u n d e r w a te r  f i l t e r .  Each u n d e r w a te r  
f i l t e r  was f i l l e d  a p p r o x im a te ly  o n e - f o u r t h  f u l l  o f  c h a r c o a l  and  t h r e e -  
f o u r t h s  f u l l  o f  p o l y e s t e r  q u i l t  b a t t i n g .  The u n d e r g r a v e l  f i l t e r s  w ere  
f i r s t  c o v e re d  w i th  n y lo n  s c r e e n  t o  p r e v e n t  c lo g g in g  and th e n  w i th  a 
o n e - in c h  l a y e r  o f  p e a - s i z e d  g r a v e l .
A i r  from  j e t s  i n  t h e  b u i l d i n g  was f i r s t  c l e a n e d  b y  p a s s i n g  th ro u g h  
a  w a t e r  j a r  b e f o r e  e n t e r i n g  t h e  tu b in g  t o  e a c h  t a n k .
No s n a i l s  o r  a lg a e  e a t e r s  w ere  u t i l i z e d  t o  keep  t h e  t a n k s  c l e a n  
b e c a u s e  t h e  p r e s e n c e  o f  t h e s e  a n im a ls  would have  h e t e r o t y p i c a l l y  
c o n d i t i o n e d  t h e  w a te r .
W ater  was aged  i n  a  f i b e r g l a s s  t a n k  a t  l e a s t  48 h o u r s  b e f o r e  b e in g  
u s e d  t o  a l lo w  any  c h l o r i n e  p r e s e n t  t o  e v a p o r a t e .
F i s h  M a in ten a n ce
B u l lh e a d s  w ere c a p t u r e d  w i th  a s e i n e  in  a  pond  n e a r  S t .  I g n a t i u s ,  
M ontana . E i g h t  b u l l h e a d s  w e re  c a u g h t  J u l y  1 7 , 1973; f i f t e e n  w ere 
c a u g h t  S ep tem b er  8 ,  1973; and t h i r t e e n  w ere  c a u g h t  O c to b e r  2 0 ,  1973.
The f i s h  w ere  t r a n s p o r t e d  t o  t h e  U n i v e r s i t y  i n  p l a s t i c  b ag s  f i l l e d  
w i th  w a t e r  from  t h e  home p o n d .  Each bag was a e r a t e d  b r i e f l y  b e f o r e  
b e in g  t i e d  s h u t .
B e fo re  p la c e m e n t  i n  t h e  a q u a r i a ,  t h e  f i r s t  b a t c h  o f  f i s h  r e c e i v e d  
a t e n - m i n u t e  s a l t  b a t h  i n  2% NaCl s o l u t i o n  t o  lo o s e n  e x i s t i n g  l e e c h e s  
and t o  t r y  t o  a l l e v i a t e  a  p o s s i b l y  d i s e a s e - c a u s e d  r e d d e n in g  o f  t h e  
f i n s .  A l l  b u t  two o f  t h e s e  f i s h  d i e d .  A s l i g h t  f u n g a l  grow th  on t h e  
t o p  o f  t h e  head was t h e  o n ly  i n d i c a t i o n  o f  d i s e a s e .
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S u b s e q u e n t ly ,  n e w ly -e n u g h t  f i s h  w ere  n o t  g iv e n  a  s a l t  b a t h ,  b u t  
t h e  l e e c h e s  w ere  rem oved w i th  a  h e m o s ta t .  P e a - s i z e d  g r a v e l  r e p l a c e d  
SiiJid w h ich  had  f o r m e r ly  b een  u s e d  and aged  r a t h e r  th a n  f lo w in g  w a te r  
was u s e d .  F iv e  o f  t h e  f i s h  i n  t h e  l a t e r  c o l l e c t i o n s  d i e d .
F u n g a l and a l g a l  b loom s w ere  c o n t r o l l e d  l a r g e l y  by r e s t r i c t i n g
tbte amount o f  fo o d  and r e d u c in g  th e  l i g h t .
Some d i s e a s e  and damage was e v i d e n t  o c c a s i o n a l l y  among t h e  f i s h .  
The r e d - f i n  c o n d i t i o n  n o t e d  among incom ing  f i s h  d i s a p p e a r e d  f o r  t h e  
m ost p a r t  a f t e r  t h e  f i s h  w ere  k e p t  i n  i s o l a t i o n  f o r  s e v e r a l  d a y s .
I h e  b ro k e n  o r  b e n t  b a r b e l s  s e e n  on new ly  c a u g h t  f i s h  g r a d u a l l y  h e a l e d  
and r e g e n e r a t e d  t o  s l i g h t l y  s m a l l e r  th a n  o r i g i n a l  s i z e .  The f i s h
w ere  n o t  t r e a t e d  c h e m ic a l ly  f o r  d i s e a s e . -
Each  b u l l h e a d  was f e d  0 .5  gm. o f  d r y ,  c ru m b -s iz e d  t r o u t  fo o d  a t  
9 :0 0  A.M, e ach  d a y .  The a n im a ls  a t e  r e a d i l y  and s e a rc h e d  th e  w a te r  
s u r f a c e  f o r  f l o a t i n g  fo o d .
Tlie p o l y e s t e r  b a t t i n g  i n - t h e  u n d e r w a te r  f i l t e r s  was changed  once 
e v e r y  f o u r t e e n  d a y s .  Each t im e  t h e  b a t t i n g  was c h a n g e d ,  t h e  c h a r c o a l  
was r i n s e d  and t h e  f i l t e r  c l e a n e d .  The a l g a e  on t h e  s id e s  o f  th e  
t a n k  was rem oved once a  m onth o r  a s  n e e d e d .
The l e n g t h s  o f  t h e  f i s h  from  n o s e  t o  end o f  t a i l  w ere  r e c o r d e d  on 
November 5 ,  1973, and  March 2 9 ,  1974. On November 5 ,  t h e  l e n g t h s  
r a n g e d  from  1 3 .5  cm. t o  1 8 .0  c m .,  w i th  an a v e ra g e  o f  1 5 .8  cm. On 
M arch 2 9 ,  t h e  l e n g t h s  r a n g e d  from  1 6 .0  cm. t o  1 9 .5  c m . , w i th  an 
a v e r a g e  o f  18 ,2  cm. (T a b le  1}. On March 2 9 ,  t h e  w e ig h ts  w ere  a l s o  
t a k e n .  The w e ig h ts  ra n g e d  from  5 6 .5  gm. t o  1 0 5 .0  g m ., w i th  an  a v e ra g e  
o f  8 9 .2  gm. (Tab3e 1 ) ,
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TABLE 1 
SIZE OF INDIVIDUAL FISH
F is h
L e n g th  (cm .) 
Nov. 5 ,  1973
L eng th  (cm .) 
Mar. 2 9 , 1974
W eight (gm.) 
Mar. 2 9 ,  1974
1 1 7 .0 1 8 .5 8 9 .2
3 1 4 .0 1 7 .0 8 5 .0
4 1 5 .5 1 7 .5 8 6 .4
5 1 6 .0 1 8 .0 8 3 .0
6 1 6 .0 1 8 .5 1 0 4 .7
7 1 6 .0 1 9 .5 10 4 .4
8 1 6 .5 1 8 .0 9 5 .6
10 1 3 .5 1 6 .0 5 6 .5
11 1 5 .0 1 7 .5 6 9 .2
12 1 8 .0 19 .5 1 0 5 .0
13 18 .5 9 4 ,1
14 18 .5 8 3 .0
IS 1 8 .5 9 5 .8
16 . . . . 1 9 .0 9 6 .2
NOTE: F i s h e s  13-16  n o t u s e d  D e c . , 1973.
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S t a t i s t i c a l  R e f e r e n c e s  
A n a l} s i s  o f  V a r ia n c e  (G u e n th e r ,  1964) was u s e d  as  a r e f e r e n c e  f o r  
t h e  s t a t i s t i c a l  t e s t s  d i s c u s s e d  i n  S e c t i o n  IV.
E x p e r im e n ta l  P ro c e d u re s
P r e l i m i n a r y  E x p e r im e n ts
The f i r s t  e x p e r im e n ts  w ere  p a i r i n g s  o f  t e s t  f i s h  t o  e s t a b l i s h  
dom inance and s u b o rd in a n c e  i n  e a c h  p a i r  o f  f i s h .  F o u r te e n  f i s h  w ere  
i s o l a t e d  a t  l e a s t  a month b e f o r e  any p a i r i n g s  w ere  u n d e r t a k e n .
The l e n g t h  o f  e a c h  p a i r  was m atched  as  c l o s e l y  as  p o s s i b l e .  T h e re
was no o b v io u s  e x t e r n a l  c h a r a c t e r i s t i c  w hich  would a l lo w  s e x in g  o f  t h e  
f i s h ,  so  s e x  d i d  n o t  e n t e r  i n t o  t h e  c h o o s in g  o f  t h e  p a i r s .  Each
b u l l h e a d  p o s s e s s e d  some i d e n t i f y i n g  c h a r a c t e r i s t i c  su ch  as s p o t s  on
t h e  body o r  a  s l i g h t l y  r a g g e d  t a i l  w hich  s e r v e d  t o  d i s t i n g u i s h  him 
from  t h e  o t h e r  b u l l h e a d s .  T hese  c h a r a c t e r i s t i c s  w ere  u se d  t o  r e c o g ­
n i z e  i n d i v i d u a l  f i s h .
In  t h e  f i r s t  s e t  o f  e x p e r i m e n t s ,  e a c h  m atch  was c o n d u c te d  f o u r  
d ay s  a p a r t  t o  m in im ize  s t r e s s  on t h e  s n im a l s .  Each p a i r  was s u b j e c t e d  
t o  t h r e e  m a tc h e s .  I f  t h e  f i s h  t e s t e d  w ere  F i s h  A and F i s h  E, t h e  
t h r e e  m a tc h e s  w ould  be  as  f o l l o w s :  A p u t  i n t o  B’ s t a n k ;  B p u t  i n t o  A 's  
t a n k ;  and A and B b o th  p u t  i n t o  a  n e u t r a l  t a n k  w here  no f i s h  l i v e d .
The l e n g t h  o f  t h e  com bats  v a r i e d ,  r a n g in g  from  two m in u te s  t o  s i x t e e n  
m in u te s  f o r t y  s e c o n d s ,  w i th  an a v e r a g e  o f  t e n  m in u te s  tw e n ty  s e c o n d s .  
The f i s h  w ere  l e f t  t o g e t h e r  u n t i l  one was c l e a r l y  s u b o r d i n a t e  t o  t h e  
o t h e r .  ( I n  t h e  two m in u te  t r i a l ,  t h e  d o m in an t  p u sh e d  t h e  s u b m is s iv e
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from  b e n e a th  so  s t r o n g l y  t h a t  t h e  s u b m is s iv e  was p u sh e d  o u t  o f  t h e  
w a t e r .  The s u b m is s iv e  was th e n  knocked  v i o l e n t l y  i n t o  t h e  g r a v e l .  
B ecause  t h e  s u b m is s iv e  a p p e a r e d  i n  d a n g e r  and b e c a u s e  t h e r e  was no  
d o u b t  a s  t o  w h ich  was d o m in a n t ,  t h e  f i s h  w ere r e t u r n e d  t o  t h e i r  own 
t a n k s . )  These  t h r e e  m a tc h e s  w ere c o n d u c te d  t o  d e te rm in e  i f  a 
d o m in a n t - s u b o r d in a t e  r e l a t i o n s h i p  depended  upon w here  t h e  f i s h  w ere  
p a i r e d  ( i n  t h e i r  oivn t a n k s ,  i n  o t h e r  f i s h ' s  t a n k s ,  o r  in  n e u t r a l  
t a n k s )  o r  i f  t h i s  r e l a t i o n s h i p  re m a in e d  t h e  same w h e re v e r  t h e  com bats 
o c c u r r e d .
The b u l l h e a d s  w ere t r a n s f e r r e d  by means o f  a  n y lo n  n e t .  VThen b o th  
f i s h  were moved, two n e t s  w ere  u s e d  and  t h e  f i s h  w ere  p l a c e d  s im u l ­
t a n e o u s l y  i n  t h e  n e u t r a l  t a n k .
O b s e r v a t io n s  on t h e  m a tc h e s  were r e c o r d e d  w i th  a p o r t a b l e  t a p e  
r e c o r d e r .  Tlie a c t i v i t i e s  o f  t h e  f i s h  and t h e i r  p o s i t i o n s  i n  t h e  ta n k  
d u r in g  t h e  e n t i r e  e x p e r im e n t  w ere  n o te d .  F o l lo w in g  each  e x p e r im e n t ,  
t h e  r e c o r d e d  d a t a  w ere t r a n s c r i b e d .  Time was m e asu red  by an e l e c t r i c  
b u z z e r  s e t  t o  r i n g  e v e ry  t e n  s e c o n d s .  D uring  t h e  t r a n s c r i p t i o n ,  a 
mark was made w henever  t h e  b u z z e r  so u n d ed .
F i r s t  W ater E x p e r im e n ts
The f i r s t  s e t  o f  w a te r  e x p e r im e n ts  was p e r fo rm e d  i n  December,
1973. T h e re  was a  f o u r  d ay  l a p s e  be tw een  t h e  p a i r i n g  e x p e r im e n ts  and 
t h e  f i r s t  p a r t  o f  t h e  w a t e r  e x p e r im e n t s ,  and b e tw een  ea c h  w a te r  
e x p e r im e n t .
Each e x p e r im e n ta l  b u l l h e a d  was t e s t e d  w i th  f o u r  w a t e r s ,  added  i n
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random o r d e r ;  w a t e r  from  t h e  t a n k  o f  t h e  o t h e r  member o f  t h e  p a i r ;  
w a t e r  f ro m  a s t r a n g e r  f i s h ,  i . e .  a f i s h  w i t h  w hich  t h e  t e s t  f i s h  had  
n o t  b een  i n  c o n t a c t ;  w a t e r  from  t h e  t e s t  a n i m a l ' s  oim t a n k ;  and w a te r  
from  t h e  a g in g  t a n k .  The w a t e r  from  t h e  o t h e r  p a i r  member was added 
t o  s e e  i f  d om inan t f i s h  w ould  r e a c t  t h e  same t o  s u b o r d i n a t e ' s  w a t e r  
as  s u b o r d i n a t e s  r e a c t e d  t o  d o m in a n t 's  w a t e r .  The s t r a n g e r  w a te r  was 
added  t o  s e e  i f  t h e  t e s t  f i s h  r e a c t e d  t h e  same as  t h e y  d id  t o  t h e i r  
p a r t n e r ' s  w a te r .  The " s t r a n g e r ” was a s u b o r d i n a t e  f i s h .  The w a te r  
from  t h e  f i s h ' s  own t a n k  was u s e d  t o  s e e  i f  t h e  f i s h  r e a c t e d  t h e  same 
t o  t h e i r  own w a t e r  a s  t h e y  d i d  t o  o t h e r  f i s h  w a t e r s .  F i n a l l y ,  t h e  
aged  w a te r  was added  t o  com pare t h e  r e a c t i o n  t o  w a te r  w hich had  had  no 
c o n t a c t  w i th  f i s h .
Tîie s m a l l e s t  amount o f  t e s t  w a te r  t o  evoke a  r e s p o n s e  i n  t h e  f i r s t  
t e s t  f i s h  was 250 m l.  T h is  amount was ad ded  t o  t h e  r i g h t  f r o n t  c o r n e r  
o f  e a c h  t a n k  f o r  each  t r i a l .
T e s t  w a te r  was added  b y  means o f  a  s y r i n g e  a p p a r a t u s  ( F ig .  3 ) .
The f o u r  w a te r s  w ere c o l l e c t e d  j u s t  b e f o r e  t h e  e x p e r im e n ts  i n  1 ,0 0 0  
m l. f l a s k s .  P o ly e th y le n e  t u b i n g  c o n n e c te d  t h e  f l a s k s  t o  t h e  s y r i n g e  
a p p a r a t u s .  Each s y r i n g e  was f i t t e d  w i th  a  one-w ay v a lv e  t h a t  a l lo w e d  
t h e  w a t e r  from  t h e  f l a s k s  t o  be  draw n up and  p u s h e d  o u t  i n  one d i r e c ­
t i o n .  The o u t p u t  v a l v e s  w ere  c o n n e c te d  b y  t u b i n g  t o  t h e  t e s t  t a n k .
The a p p a r a t u s  was r i n s e d  w i th  t a p  w a te r  f o l l o w i n g  ea c h  s e t  o f  e x p e r i ­
m e n ts .
Im m e d ia te ly  p r i o r  t o  e a c h  e x p e r im e n t ,  t h e  b e h a v i o r  o f  t h e  t e s t  
f i s h  was o b s e rv e d  and r e c o r d e d  f o r  f i v e  m in u te s .  Tlien t h e  w a te r  was
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added  w i t h  a s  l i t t l e  movement as  p o s s i b l e .  ITie t im e  p e r i o d  f o r  a d d in g  
t h e  w a t e r  r a n g e d  from  t h i r t y  s e c o n d s  t o  f o u r  m i n u t e s , w i th  an  a v e ra g e  
o f  one m in u te  tw e n ty  s e c o n d s .  The b e h a v i o r  and p o s i t i o n  o f  t h e  f i s h  
w ere  r e c o r d e d  w h i l e  t h e  w a t e r  was added  and f o r  t e n  m in u te s  f o l l o w i n g .
B lue in k  was added  t o  a  t a n k  w i th o u t  f i s h  t o  t r a c e  f low  and r a t e  
o f  d i f f u s i o n .  The i n i t i a l  c o n c e n t r a t i o n  o f  in k  was i n  t h e  r i g h t  f r o n t  
co im e r  w here  t h e  f l u i d  was added . The p a t h  o f  t h e  in k  c o n c e n t r a t e d  
s l i g h t l y  a lo n g  t h e  s u r f a c e  to w a rd s  t h e  u p s w e l l i n g  c u r r e n t  o f  t h e  l e f t  
and r i g h t  u n d e r g r a v e l  f i l t e r s  f o r  t h e  f i r s t  few s e c o n d s ,  th e n  g r a d u ­
a l l y  s p r e a d  e v e n ly  th r o u g h o u t  t h e  e n t i r e  t a n k ,  d i f f u s i n g  o u tw ard s  
from  t h e  r i g h t  f r o n t  c o m e r .  The in k  was hom ogeneously  d i s t r i b u t e d  
th r o u g h o u t  t h e  t a n k  i n  two m in u te s .
Second W ater  E x p e r im e n ts
The seco n d  s e t  o f  w a t e r  e x p e r im e n ts  was c o n d u c te d  i n  M arch , 1974.
In  t h e s e  t e s t s ,  t h e  f i s h  w ere  p a i r e d  w i th  t h e  same p a r t n e r  as  
b e f o r e ,  b u t  o n ly  once i n  a  n e u t r a l  t a n k .  A gain  t h e  f i s h  w ere  a l lo w e d  
t o  f i g h t  u n t i l  dom inance was e s t a b l i s h e d .  The t im e s  t o g e t h e r  r a n g e d  
from tw e n ty  t o  s i x t y  m i n u t e s , a v e r a g in g  39 m i n u t e s .
The day  f o l lo w in g  t h e  m a tc h ,  e ach  member o f  t h e  p a i r  was t e s t e d  
w i th  i t s  o\m w a te r  and w i t h  i t s  p a r t n e r ' s  w a t e r .  The n e x t  day  each  
was t e s t e d  w i th  aged  w a t e r  and w i th  t h e  s t r a n g e r  w a t e r .
'Hie amount o f  w a t e r  added  d u r in g  e a c h  t r i a l  was I n c r e a s e d  t o  2 ,0 0 0  
m l.  and  t h e  t a n k s  w ere lo w e re d  t o  t w o - t h i r d s  f u l l .  T h u s ,  i f  a  chem i­
c a l  w ere  p r e s e n t  i n  t h e  f i s h  w a t e r s ,  i t  w ould  be  i n  g r e a t e r
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c o n c e n t r a t i o n  and e l i c i t  a p o t e n t i a l l y  g r e a t e r  r e a c t i o n  from  t h e  f i s h  
th a n  t h a t  o b s e rv e d  d u r in g  t h e  f i r s t  s e t  o f  e x p e r im e n t s .
Tlie u n d e r w a te r  f i l t e r  was moved t o  t h e  r i g h t  f r o n t  c o m e r , b e n e a th
v/here t h e  t e s t  w a t e r  was i n t r o d u c e d .  The w a t e r  was th u s  added t o  t h e  
b u b b le s  above t h e  f i l t e r  t o  make t h e  e n t r y  o f  t h e  t e s t  w a te r  l e s s  
c o n s p ic u o u s . ’
The f i s h  w ere  o b s e rv e d  q u i e t l y  w i th o u t  b e in g  r e c o r d e d  f o r  a t  
l e a s t  f i v e  m in u te s  a t  t h e  s t a r t  o f  an e x p e r im e n t .  IVhen th e  t e s t  
an im a l a p p e a re d  t o  be  e n g a g in g  i n  i t s  n o rm a l b e h a v i o r ,  t h e  e x p e r im e n ­
t a l  o b s e r v a t i o n  was b eg u n .  B e h a v io r  and p o s i t i o n  w ere  r e c o r d e d  f o r  
f i v e  m i n u t e s .  W ater  was added  f o r  f i v e  m in u te s  and b e h a v io r  was 
r e c o r d e d  a s  was t h e  b e h a v io r  f o r  f i f t e e n  m in u te s  a f t e r  t h e  a d d i t i o n  
o f  w a t e r .
In  t h e s e  t e s t s ,  t h e  d i f f u s i o n  p a t t e r n  o f  in k  a p p e a re d  t o  be  t h e
same as  i n  t h e  f i r s t  t e s t .
S e x in g
In  J u n e ,  1974, t h e  14 t e s t  f i s h  w ere  s e x e d .  The o v a r i e s  w ere  
a p p r o x im a te ly  3 cm. l o n g ,  1 cm. t h i c k ,  and g r a i n y  in. a p p e a r a n c e .  The 
t e s t e s  w ere  t h e  same l e n g t h  b u t  t h i n n e r  and c o n s i s t e d  o f  a d u c t  w i th  
f i n g e r l i k e  p r o j e c t i o n s  t h e  e n t i r e  l e n g t h .
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CHAPTER IV 
RESULTS AND DISCUSSION 
D e s c r i p t i o n s  o f  F i s h  B e h a v io r s  
The f o l lo w in g  i s  a  l i s t  o f  d e s c r i p t i o n s  o f  t h e  b l a c k  b u l l h e a d  
b e h a v i o r s  o b s e rv e d  th r o u g h o u t  t h i s  s t u d y .
A p p ro a c h - -The o r i e n t a t i o n  and swimming to w a rd s  a  non-swimming 
f i s h .  The p o s i t i o n  o f  t h e  d o r s a l  f i n  and t h e  s p e e d  o f  t h e  a p p ro a c h ­
i n g  f i s h  do n o t  change  d u r in g  t h e  a p p ro a c h .  The a p p ro a c h in g  f i s h  
swims n e a r  t h e  b o t to m  and may o r i e n t  to w a rd s  any p a r t  o f  t h e  
s t a t i o n a r y  f i s h .
A rch Up—The c u r v in g  upw ards  o f  t h e  l o n g i t u d i n a l  a x i s  o f  a  f i s h  
l y i n g  on t h e  b o t to m ,  d u r in g  w h ich  n o se  and t a i l  l o s e  c o n t a c t  w i th  
t h e  b o t to m .  The b a r b e l s  a r e  e x te n d e d  to w a rd s  t h e  w a t e r  s u r f a c e  and 
t h e  d o r s a l  f i n  i s  r a i s e d .  T h is  p o s i t i o n  i s  m a in t a in e d  f o r  f i v e  
s e c o n d s  ( F ig .  4 ) .
B a n g in g —The v ig o r o u s  s t r i k i n g  o f  t h e  f l o o r  o f  t h e  t a n k  by th e  
n o s e  c f  a  f i s h  w hich  i s  h e a d  downward b e h in d  t h e  t u b i n g  o f  an u n d e r ­
g r a v e l  f i l t e r .  The f i s h  w ig g le s  b e h in d  t h e  t u b i n g  w i th  h i s  v e n t r a l  
s u r f a c e  i n  c o n t a c t  w i th  t h e  t u b i n g  and h i s  d o r s a l  s u r f a c e  i n  c o n t a c t  
w i t h  t h e  a q u a r iu m  c o m e r .  I n  q u ic k  s u c c e s s i o n ,  t h e  f i s h  f i r s t  b a c k s  
up by m oving h i s  p a i r e d  f i n s  to w a rd  t h e  s u b s t r a t e  w h i l e  c u rv in g  h i s  
t a i l  r i g h t  o r  l e f t  and t h e n  i t  swims down b y  moving h i s  p a i r e d  f i n s  
to w a rd  t h e  w a te r  s u r f a c e  w h i l e  s t r a i g h t e n i n g  h i s  t a i l .  When t h i s  up- 
and-dow n movement i s  v ig o r o u s  and  c o n t a c t  i s  made b e tw een  t h e  f i s h ' s  
n o s e  and  t h e  b o t to m  e a c h  t im e  h e  swims down, t h i s  i s  c a l l e d  B an g in g .
26
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C h ase - -The q u i c k ,  o b v io u s  p u r s u i t  o f  a  r a p i d l y  swimming f i s h .
Chew B a r b e l - -Tiie m o u th in g  o f  a  m a x i l l a r y  b a i 'b e l  o f  one f i s h  by 
a n o t h e r  f i s h .  Only t h e  p ro x im a l  p o r t i o n  o f  a b a r b e l  i s  t a k e n  i n s i d e  
t h e  m outh o f  t h e  chew ing  f i s h .  The end e x te n d in g  beyond th e  mouth 
moves up and  down i n  c o n c e r t  w i t h  t h e  up and dcim movement o f  t h e  
c h e w e r 's  lo w e r  jaw . The l o n g i t u d i n a l  a x i s  o f  t h e  chew er may be  a t  an 
a n g le  l e s s  th a n  o r  e q u a l  t o  90° t o  t h e  l o n g i t u d i n a l  a x i s  o f  t h e  o t h e r  
f i s h  w i t h  b o th  f i s h  f a c i n g  t h e  same d i r e c t i o n .
C i r c l i n g - -Two f i s h  swiimning i n  a  t i g h t  c i r c l e  w i th  t h e  h ead  o f  
each  n e a r  t h e  t a i l  o f  t h e  o t h e r .  T h is  b e h a v i o r  t a k e s  p l a c e  n e a r  t h e  
b o tto m  and o f t e n  l a s t s  f o r  o n l y  one c o m p le te  c i r c l e .  I f  t h e  a c t i v i t y  
l e v e l  o f  t h e  f i s h  was h ig h  p r i o r  t o  c i r c l i n g ,  t h e  p a c e  o f  c i r c l i n g  
i s  v e r y  r a p i d .  I t  i s  c o m p a r a t iv e ly  s lo w e r  i f  p r i o r  a c t i v i t y  was low. 
C u rv in g —The b e n d in g  o f  t h e  t a i l  to w ard  a n o th e r  f i s h  by one o r  
b o t h  f i s h  l y i n g  p a r a l l e l  on t h e  b o tto m  i n  a H e a d - t o - T a i l  p o s i t i o n  
CFig. 5 ) .  I f  o n ly  one f i s h  i s  c u r v in g  h i s  t a i l ,  t h e  b e h a v io r  
i s  c a l l e d  "one  c u r v i n g . "  I f  b o th  a r e  c u r v in g  t h e i r  t a i l s ,  t h e  
b e h a v io r  i s  c a l l e d  " b o th  c u r v i n g . "  The d i s t a n c e  be tw een  t h e  lo n g  
a x e s  o f  t h e  two f i s h  i s  u s u a l l y  a p p r o x im a te ly  4 cm ,,  b u t  
o c c a s i o n a l l y  t h e  b o d ie s  a r e  n e x t  t o  e a c h  o t h e r  s o  t h a t  t h e  n o s e  o f  
each  f i s h  i s  i n  c o n t a c t  w i th  t h e  t a i l  o f  t h e  o t h e r  f i s h .
Dance— Tlie up-and-dow n m o t io n  o f  a b u l l h e a d  s t a n d i n g  on h i s  t a i l  
i n  a  c o m e r  o f  t h e  t a n k .  The f i s h  s t o p s  swimming w h i l e  p a r a l l e l  t o  
t h e  b a c k  o f  t h e  t a n k .  He th e n  s lo w ly  d r i f t s  b ack w ard  and downward 
i n t o  a  c o m e r  o f  t h e  t a n k ,  o c c a s i o n a l l y  g u id in g  h i s  c o u r s e  by
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movements o f  h i s  p a i r e d  f i n s .  He s t o p s  when h i s  t a i l  to u c h e s  t h e  ta n k  
b o t to m  and h i s  l o n g i t u d i n a l  a x i s  i s  p e r p e n d i c u l a r  t o  t h e  b o t to m .
A f t e r  a  few  s e c o n d s ,  h e  f l o a t s  upw ards  a  few c e n t i m e t e r s  and th e n  
p u s h e s  h i m s e l f  b ack  down by moving h i s  p a i r e d  f i n s .  T h is  u p -a n d -  
down b o b b in g  i s  o f t e n  r e p e a t e d  t h r e e  t i m e s .  Then t h e  f i s h  s lo w Jy  
d r i f t s  t o  a  p o s i t i o n  p a r a l l e l  t o  t h e  b o t to m .
D a r t - -The e x t r e m e ly  r a p i d  movement o f  a  f i s h  from  one p a r t  o f  t h e  
t a n k  t o  a  p o s i t i o n  l y i n g  on t h e  b o tto m  i n  a n o t h e r  p a r t  o f  t h e  t a n k .
The m a j o r i t y  o f  t h e  momentum f o r  t h i s  do-sh seems t o  come from a q u ic k  
f l e x i n g  and s t r a i g h t e n i n g  o f  t h e  t a i l  and  t h e  p o s t e r i o r  t h i r d  o r  t h e  
body . A d a r t  l a s t s  a b o u t  one s e c o n d .
D e f e c a t e - -The e v a c u a t io n  o f  f e c a l  m a t e r i a l  by  a  swimming f i s h .
D o rsa l  Up- -T h e  p ro n o u n c e d  r a i s i n g  and s p r e a d i n g  o f  t h e  d o r s a l  f i n  
by  a swimming o r  non-swim m ing f i s h  ( F ig .  6 ) .  A b u l l h e a d  h a s  t h r e e  
d i s t i n c t  p o s i t i o n s  f o r  h i s  d o r s a l  f i n :  do im , r e l a x e d ,  and r a i s e d .
In  t h e  down p o s i t i o n ,  t h e  d o r s a l  i s  f o ld e d  f l a t  a g a i n s t  t h e  body  so  
t l ie  s p in e  and s o f t  r a y s  a r e  p a r a l l e l  t o  t h e  l o n g i t u d i n a l  a x i s .  In  t h e  
r e l a x e d  p o s i t i o n ,  t h e  r a y s  a r e  a t  a p p r o x im a te ly  a 30°  a n g le .  In  t h e  
r a i s e d  p o s i t i o n ,  t h e  r a y s  a r e  a t  a p p r o x im a te ly  a  60°  a n g le .  TTie 
b u l l h e a d  can  r a i s e  h i s  d o r s a l  f i n  w i th  t h e  r a y s  c l o s e  t o g e t h e r  o r  
s p r e a d  so  t h a t  e a c h  one i s  d i s t i n g u i s h a b l e .  TTie l a t t e r  s i t u a t i o n  i s  
d e s i g n a t e d  a s  D o rs a l  Up.
D r i f ^ - - T h e  s id e w a y s  movement o f  a  f i s h  l y i n g  on t h e  b o tto m  c a u s e d  
b y  t h e  f o r c e  o f  a w a t e r  c u r r e n t  p ro d u c e d  b y  a n o t h e r  f i s h  swimming by  
and n o t  by  m o tio n  o f  t h e  d r i f t e r ' s  own f i n s  o r  body .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
o o
A '  Dr.TCCi! D o w n
R o i s e d ,  N o t  E x t e n d e d
g)
g  p o r s c i l  R o i s e d  o n d  
E x t e n d e d  ( D o r s a l  U p )
FIG .  6
j t f o n i f  o f  T h e  D o r s a l  Fin
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
51
E a t - -A n o s e  s t a n d  w i th  t h e  m outh  o p e n ,  t h e  l o n g i t u d i n a l  a x i s  o f  t h e  
body a t  an a n g le  be tw een  60° and 90°  from  t h e  h o r i z o n t a l ,  t h e  t a i l  
cu rv e d  e i t h e r  r i g h t  o r  l e f t ,  and th e  p a i r e d  f i n s  b e a t i n g  a n t e r i o r l y  
to  m a i n t a i n  t h i s  p o s i t i o n  ( F ig .  7 ) .  O f te n  t h e  n o se  i s  moved 
s l i g h t l y  r i g h t  and  l e f t  t o  p u s h  a s i d e  g r a v e l .  T h is  n o se  doim p o s i t i o n  
i s  assum ed w h i le  s e a r c h i n g  f o r  fo o d  among t h e  g r a v e l .
F a c e - t o - F a c e —Two f i s h  l y i n g  on t h e  b o t to m  f a c i n g  e a c h  o t h e r  
a lo n g  a  s t r a i g h t  l i n e  ( F ig .  8 ) .  The n o s e s  a r e  u s u a l l y  a b o u t  2 cm. 
a p a r t ,  b u t  o c c a s i o n a l l y  t h e y  a r e  a lm o s t  t o u c h i n g .  D o rsa l  f i n s  a r e  
u s u a l l y  r a i s e d .
F a l l - t c - B o t t o m - -A s lo w ,  non-sw im m ing d e s c e n t  t o  a  p o s i t i o n  l y i n g  
on th e  b o t to m .  D u rin g  t h e  d r o p ,  t h e  p o s t e r i o r  t h i r d  o f  t h e  body i s  
o f t e n  b e n t  s l i g h t l y  t o  r i g h t  o r  l e f t .  The t a i l  i s  lo w er  th a n  th e  n o se  
and to u c h e s  b o t to m  f i r s t .  The d o r s a l  f i n  i s  u s u a l l y  n o t  r a i s e d .  
F e e l - -T he  r e p e a t e d  to u c h in g  o f  an  o b j e c t  b y  t h e  c h in  b a r b e l s  o f  a  
s t a t i o n a r y  f i s h .  The o b j e c t  f e l t  may be any p a r t  o f  t h e  ta n k  o r  a n o t h e r  
f i s h .  I f  t h e  fo rw a rd  and backw ard  movements o f  t h e  b a r b e l s  a r e  v e r y  
r a p i d ,  t h i s  ty p e  o f  f e e l i n g  I s  n o t e d  as ' ' f l i c k i n g . ”
Flee_-“R a p id ,  e r r a t i c  swimming by a f i s h  b e in g  c h a s e d .  D i r e c t i o n  i s  
o f t e n  ch a n g e d  q u i c k l y  i n  w hat a p p e a r s  t o  be  a t t e m p t s  t o  e lu d e  t h e  
p u r s u e r .  O f te n  t h e  f l e e i n g  f i s h  bumps i n t o  t h e  s i d e s  o f  t h e  tm ik  o r  
th e  f i l t e r s  d u r in g  i t s  f l i g h t .  R e s p i r a t o r y  movements f o l lo w in g  an 
e s c a p e  f l i g h t  a r e  q u ic k  and p ro n o u n c e d .  The d o r s a l  f i n  i s  n o t  r a i s e d  
d u r in g  t h e  f l i g h t .
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F l u t t e r —Q u ic k ,  s i d e - t o - s i d e  swimming w i t h  n o s e  a g a i n s t  t h e  g l a s s  
s i d e s  o f  t h e  aq u ar iu m  and w i t h  t h e  l o n g i t u d i n a l  a x i s  o f  t h e  f i s h ' s  
body p a r a l l e l  t o  t h e  h o r i z o n t a l .  T h is  b e h a v i o r  i s  r e m i n i s c e n t  o f  th e  
e s c a p e  f l i g h t  a g a i n s t  a  window by a  w i ld  b i r d  t r a p p e d  i n s i d e  a  
b u i l d i n g .  F l u t t e r i n g  u s u a l l y  o c c u r s  n e a r  a t a n k  c o r n e r .
F o l lo w —M a in te n a n c e  o f  an e q u a l  d i s t a n c e  b e h in d  a s lo w ly  o r  
m o d e r a te ly  swimming f i s h .  I f  t h e  f o l l o w e r ' s  n o s e  s t a y s  i n  c o n t a c t  
w i th  t h e  o t h e r  f i s h ' s  t a i l ,  t h i s  i s  c a l l e d  " f o l l o w i n g  i n  c o n t a c t  w i th  
t a i l . "  I f  t h e  f o l l o w e r  h a s  h i s  mouth open w i d e l y ,  i t  i s  c a l l e d  
" f o l l o w i n g  w i t h  g a p e . "  I f  t h e  f o l l o w e r  i s  a b o u t  h a l f  a  t a n k  b e h in d  
th e  o t h e r  f i s h  w h i le  k e e p in g  h i s  b a r b e l s  i n  c o n t a c t  w i th  t h e  p a t h  o f  
t h e  o t h e r  f i s h  a lo n g  t h e  b o t to m  o r  s i d e s  o f  t h e  t a n k ,  t h i s  i s  c a l l e d  
" f o l l o w i n g  t h e  t r a i l . "
G ane--A p ro n o u n c e d  o p e n in g  o f  t h e  m outh by  a  swimming o f  n o n -  
swimming f i s h  n e a r  a n o t h e r  f i s h .  I f  com bined w i th  an a p p ro a c h  to w a rd s  
t h e  o t h e r ' s  s i d e ,  t a i l ,  o r  to p  o f  h e a d ,  i t  i s  c o n s id e r e d  t o  be  
a g g r e s s i v e .  I f  p e r fo rm e d  by  a  s t a t i o n a r y  f i s h  as  a n o t h e r  f i s h  swims 
b y ,  i t  may be d e f e n s i v e .  The s l i g h t  p a r t i n g  o f  t h e  jaw s s e e n  i n  many 
swimming f i s h  i s  n o t  c o n s id e r e d  t o  be  g a p in g .
G la n c e - -The same m o t io n s  as  i n  a  T a i l  Lash e x c e p t  c o n t a c t  i s  made 
w i th  t h e  t a n k  i n s t e a d  o f  a n o t h e r  f i s h .  The m ost f r e q u e n t l y  
g l a n c e d  o b j e c t s  a r e  t h e  u n d e r w a te r  f i l t e r  and t h e  g r a v e l .  When 
a  f i s h  g lé inces  t h e  g r a v e l ,  h e  l e a n s  on h i s  s i d e  w i th  h i s  m id -  
s a g i t t a l  p l a n e  a t  a  45*-’ a n g le  t o  t h e  h o r i z o n t a l .  O f te n  a  f i s h  
w i l l  g l a n c e  t h e  b o t to m  a b o u t  20 t im e s  i n  s u c c e s s i o n .  T h is
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b e h a v io r  o f t e n  d i s l o d g e s  fo o d  p a r t i c l e s .  F i l t e r  g l a n c e s  a r e  o f t e n  
r e p e a t e d  f o u r  t o  f i v e  t i m e s .  T h is  b e h a v i o r  may d i s l o d g e  e d i b l e  a lg a e  
from th e  f i l t e r .
G u lp - - I n  q u ic k  s u c c e s s i o n ,  t h e  o p e n in g  o f  th e  m outh and o p e r c u l a  
w i th  a lo w e r in g  o f  t h e  c h i n ,  t h e n  t h e  c l o s i n g  o f  t h e  m outh w i th  a  
r a i s i n g  o f  t h e  c h i n ,  and f i n a l l y  a  c l o s i n g  o f  t h e  o p e r c u l a .  A g u lp  
seems t o  f o r c e  w a te r  o v e r  t h e  g i l l s ,  t h e r e b y  p r o v i d i n g  added oxygen . 
Gulps a r e  m ost f r e q u e n t l y  p e r fo rm e d  j u s t  b e f o r e  o r  j u s t  a f t e r  a  f i s h  
l e a v e s  t h e  b o t to m .
H e a d - to -H e a d - -Two f i s h  l y i n g  p a r a l l e l  on t h e  b o t to m  f a c i n g  t h e
same way w i th  n o s e s  a t  t h e  same l e v e l  ( F ig .  9 ) .  The f i s h  a r e  u s u a l l y
c l o s e  enough f o r  p e c t o r a l  f i n s  t o  be  t o u c h i n g .
H e a d - t o - T a i l - -Two f i s h  l y i n g  p a r a l l e l  on t h e  b o t to m  f a c i n g  o p p o s i t e  
d i r e c t i o n s  w i th  t h e  n o se  o f  e a c h  n e x t  t o  t h e  t a i l  o f  t h e  o t h e r  ( F ig .
1 0 ) .  The f i s h  a r e  u s u a l l y  a b o u t  2 cm. a p a r t .
J a w lo c k --Two f a c e - t o - f a c e  f i s h  g r i p p i n g  e a c h  o t h e r ’s jaw s ( F ig .
1 1 ) .  O c c a s i o n a l l y  one f i s h  w i l l  t a k e  t h e  w hole  h e a d  o f  t h e  o t h e r  
f i s h  in  i t s  m outh .
Lay O ver T o p - -The b e n d in g  o f  one f i s h  on i t s  s i d e  o v e r  t h e  to p  o f  
t h e  h e a d  o f  a n o t h e r  f i s h  ( F ig .  1 2 ) .
L e a n -"The t i l t i n g  o f  t h e  m i d - s a g i t t a l  p l a n e  o f  a f i s h  l y i n g  on 
t h e  b o t to m  t o  an a n g le  o f  45® t o  t h e  h o r i z o n t a l .
L ie  B eh in d  U n d e rg ra v e l  F i l t e r - -A f i s h  n o s e  down b e tw een  th e  t u b i n g  
o f  t h e  u n d e r g r a v e l  f i l t e r  and a  c o r n e r  o f  t h e  t a n k .
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L ie - o n - B o t to m - -A p o s i t i o n  o f  recum bency  w i th  t h e  c a u d a l  f i n ,  a n a l  
f i n ,  p e l v i c  f i n s ,  and  b e l l y  t o u c h in g  t h e  g r a v e l .
N ip —V i o l e n t  c o n t a c t  b e tw een  t h e  mouth o f  one f i s h  and t h e  t a i l ,  
s i d e ,  o r  to p  o f  h e a d  o f  a n o t h e r  f i s h .  A n i p  i s  u s u a l l y  p r e c e d e d  by a 
g a p in g  ap p ro ach  and  c u lm in a te d  w i th  a  q u ic k  f l i c k  o f  t h e  t a i l  w hich 
s e n d s  t h e  n ip p i n g  f i s h  q u i c k l y  to w a rd s  t h e  s i d e  o r  do%fn on to p  o f  t h e  
o t h e r  f i s h .  T h is  b e h a v i o r  i s  r e c o r d e d  as  a  * 'n ip"  when movement o f  
t h e  n ip p e d  f i s h  c l e a r l y  i n d i c a t e s  t h a t  c o n t a c t  was made.
Nose U n d e r - -P u s h in g  u n d e r n e a th  t h e  b e l l y  o f  a  s t a t i o n a r y  f i s h ,  
d i s p l a c i n g  t h i s  f i s h  u p w ard s .  The f i s h  p e r fo r m in g  t h e  n o se  u n d e r  i s  
p e r p e n d i c u l a r  t o  t h e  o t h e r  f i s h  w i t h  h i s  n o se  a n t e r i o r  t o  th e  anus 
o f  t h e  o t h e r  f i s h .  Tlie f i s h  b e in g  d i s p l a c e d  g e n e r a l l y  o f f e r s  no 
r e s i s t a n c e .
P a s s - b y - -Two f i s h  t r a v e l i n g  i n  o p p o s i t e  d i r e c t i o n s  swimming p a s t  
e a c h  o t h e r .  The d i s t a r i c e  b e tw een  them a t  t h e  p o i n t  o f  p a s s i n g  i s  
a b o u t  2 cm.
P e r c h - - L y in g  on t h e  b o t to m  w i th  a l l  f i n s  e x te n d e d  and no  c o n t a c t  
b e tw e e n  b e l l y  and g r a v e l  ( F ig .  1 3 ) ,
Push  i n t o  G r a v e l - -The same body p o s i t i o n  a s  i n  E a t  w i th  v e r y  
v ig o r o u s  s i d e - t o - s i d e  movements o f  t h e  n o s e ,  n o t i c e a b l y  f o r c i n g  
t h e  n o s e  down i n t o  t h e  g r a v e l  and  d i s p l a c i n g  g r a v e l  t o  t h e  l e f t  
and  r i g h t .
P ush  Ja w —One f i s h  o f  a p a i r  i n  J a w lo c k  swimming fo rw a rd  and moving 
t h e  o t h e r  f i s h  b ack w ard .
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P ush  S i d e — An a p p ro a c h in g  f i s h  m aking  c o n t a c t  w i th  t h e  s i d e s  o f  
and  d i s p l a c i n g  a n o t h e r  f i s h .  O f te n  t h e  a p p ro a c h  p r i o r  t o  p u s h in g  t h e  
s i d e  i s  accom pan ied  by  a  g ap e .
Q u i v e r - -T re m b l in g  o f  t h e  m u s c le s  o v e r  t h e  body  o f  a  f i s h ,  e s p e c i a l l y  
p ro n o u n ced  n e a r  t h e  o p e r c u l a  and  p e c t o r a l  f i n s .
R o c k - S p i t - -T a k in g  one o f  more p e b b le s  i n t o  t h e  m o u th ,  m o u th ing  
them , and e j e c t i n g  them . The f o r c e  b e h in d  t h e  e j e c t i o n  seems t o  
come from  a c l o s i n g  o f  t h e  o p e r c u l a  w hich  w ere  opened  j u s t  p r i o r  t o  
o p e n in g  t h e  m outh and  from  a  l i f t i n g  and fo rw a rd  movement o f  t h e  f l o o r  
o f  t h e  m outh . The f i s h  seem t o  be  g l e a n in g  fo o d  p a r t i c l e s  c a u g h t  
b e tw een  t h e  r o c k s .
S ta n d  on T a i l - -S lo w ly  b e a t i n g  t h e  p e c t o r a l  f i n s  a n t e r i o r l y  t o  
m a i n t a i n  a p o s i t i o n  in  a  c o r n e r  o f  t h e  t a n k  w i th  t h e  l o n g i t u d i n a l  a x i s  
p e r p e n d i c u l a r  t o  t h e  b o tto m  and th e  t a i l  to u c h in g  t h e  s u b s t r a t e .  
S u r f a c e  C re e p — Slow swimming n e a r  t h e  s u r f a c e  w i th  t h e  b a r b e l s  
s p r e a d  o u t  and f o rw a rd .
Swim-- C o o r d in a te d  movement o f  a l l  f i n s  c a r r y i n g  t h e  f i s h  from  one 
p a r t  o f  t h e  t a n k  t o  a n o t h e r .  I f  t h i s  i s  v e r y  s lo w  s o  t h a t  t h e  move­
ment o f  t h e  p e l v i c  and p e c t o i 'a l  f i n s  i s  p ro n o u n c e d ,  t h i s  swimming 
r e s e m b le s  t h e  movement o f  a  t e r r e s t r i a l  q u a d ru p e d  and i s  c a l l e d  
" w a l k i n g . "  I f  t h e  f i s h  swims r a p i d l y  a ro u n d  t h e  t a n k ,  t h i s  i s  c a l l e d  
" q u ic k  swimm ing." Q uick  swimming i f  m ost o f t e n  s e e n  a f t e r  a  
d i s t u r b a n c e .  Swimming a t  a  p a c e  be tw een  w a lk in g  and q u ic k  swimming 
i s  c a l l e d  " m o d e ra te  sw im m ing."
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Swim Up i n  W a te r— An upward l i f t i n g  o f  t h e  a n t e r i o r  t w o - t h i r d s  o f  a 
s lo w ly  swiimning f i s h  w h i l e  t h e  b a r b e l s  a r e  r a i s e d  to w a rd s  t h e  w a te r  
s u r f a c e  ( F ig .  1 4 ) .
Swim w i th  B a r b e l s  i n  C o n t a c t - -Swimming w i th  t h e  b a r b e l s  h e l d  o u t  and 
dovra in  c o n t a c t  w i th  t h e  g r a v e l  a n d / o r  s i d e s  o f  t h e  t a n k .
T a i l  L ash—One f i s h  swimming n e x t  t o  a n o t h e r ,  b e n d in g  to w a rd s  i t ,  
th e n  b e n d in g  away, m aking  c o n t a c t  so  t h a t  th e  o t h e r  f i s h  i s  n o t i c e a b l y  
p u sh e d  a s i d e  ( F ig .  1 5 ) .  T h re e  i n t e n s i t i e s  o f  t a i l  l a s h  a r e  s e e n :  
m i l d ,  i n  w hich  t h e  l a s h e d  f i s h  i s  b a r e l y  moved; m o d e ra te ;  
and s e v e r e  i n  w hich  t h e  l a s h e d  f i s h  i s  knocked  s e v e r a l  c e n t i m e t e r s  
from  h i s  p r e v i o u s  p o s i t i o n .
T o u c h --A s t a t i o n a r y  f i s h  e x t e n d in g  i t s  b a r b e l s  fo rw a rd  and making 
c o n t a c t  w i th  t h e  t a n k  o r  a n o t h e r  f i s h ,  t h e n  d raw in g  t h e  b a r b e l s  b a c k .  
As d i s t i n g u i s h e d  from  t h e  te rm  F e e l ,  a  Touch i s  a  s i n g l e  
c o n t a c t .
W ig g l in g - -Q u ic k ,  s i n u s o i d a l  movement a c r o s s  t h e  t a n k  w i t h  th e  
f i s h ' s  b e l l y  i n  c o n t a c t  w i th  t h e  g r a v e l .  T h is  b e h a v io r  seems t o  
d i s l o d g e  fo o d  b u r i e d  i n  t h e  g r a v e l .
Yaw n--A g r a d u a l ,  b ro a d  o p e n in g  o f  t h e  m outh and  t h e  o p e r c u la
and a  m om entary  h o l d i n g  o f  t h e  w ide  open p o s i t i o n ,  b e f o r e  c l o s i n g  t h e
m outh and t h e  o p e r c u l a .  O f te n  a  yawn i s  f o l lo w e d  b y  a  s l i g h t
g u l p .
R e s u l t s  and D is c u s s io n  o f  P a i r i n g  E x p e r im e n ts
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R e s u l t s  o f  P a i r i n g  E x p e r im e n ts
The p u rp o s e  o f  t h e  p r e l i m i n a r y  p a i r i n g  e x p e r im e n ts  was t o  d e te r m in e  
i f  t h e  b u l l h e a d s  w ould  e s t a b l i s h  d o m in a n t - s u b o r d in a t e  r e l a t i o n s h i p s  
f o l l o w i n g  i s o l a t i o n  an d ,  i f  s o ,  t o  u s e  t h e  r e s u l t a n t  b e h a v io r  i f  i t  
a p p e a re d  in  t h e  s u b s e q u e n t  w a te r  e x p e r im e n ts  a s  e v id e n c e  o f  t h e  r e c o g ­
n i t i o n  o f  f i s h - p r o d u c e d  s u b s t a n c e s  i n  t h e  t e s t  w a te r .
B u l lh e a d s  do f i g h t  v i o l e n t l y  f o l l o w in g  a  p e r i o d  o f  i s o l a t i o n .  
iVhen f i r s t  p u t  t o g e t h e r ,  t h e  two f i s h  l i e  on t h e  b o t to m  f o r  a  m in u te  
o r  tw o ,  som etim es  w i t h  t h e  d o r s a l ,  f i n s  r a i s e d .  Then one w i l l  b e g in  
t o  swim a ro u n d  t h e  t a n k ,  o f t e n  e n c o u n te r in g  t h e  o t h e r  f i s h  in  i t s  
f i r s t  c i r c l e  c f  t h e  t a n k .  The b a t t l e  f r e q u e n t l y  b e g in s  a t  t h i s  
p o i n t  and may c o n t in u e  i n t e r m i t t e n t l y  f o r  15 m in u te s .  D uring  t h i s  
t i m e ,  t h e  f i s h  may i n s p e c t ,  t a i l  l a s h ,  f o l l o w ,  and n ip  each  o t h e r .  
Dominance and s u b o rd in a n c e  w ere  assum ed t o  be  e s t a b l i s h e d  when one 
f i s h  q u i c k l y  and d e f i n i t e l y  f l e d  t h e  o t h e r  f i s h  a t  ea c h  a p p ro a c h  o f  
t h e  l a t t e r .
The f o l lo w in g  i s  an e x c e r p t  from  t h e  r e c o r d  o f  a  p a i r ' s  e n c o u n te r
t o  i l l u s t r a t e  t h e  b e h a v i o r s  o b s e rv e d :
1 i n  l e f t ;  b a c k  c e n t e r ,  12 i n  r i g h t  b ack  c o m e r .  1 a p p ro a c h in g  
12— t o u c h in g  12 ' s  t a i l ,  12 t u r n i n g  a ro u n d .  F a c e - t o - F a c e .  12 
g a p in g  r i g h t  s i d e  o f  1. 12 f o l l o w i n g  1 i n  c o n t a c t  w i th  I ' s  t a i l ,
S i d e - b y - S i d e  ( h e a d - t o - t a i l ) - - 1 2  v i o l e n t  t a i l  l a s h  b u t  m is s e d  a s  
1 swam f o rw a r d ,  12 g a p in g  l e f t  s i d e  o f  1 b e n e a th  I ' s  d o r s a l  f i n .
1 i s  f l e e i n g . . .
Tlie t h r e e  e n c o u n te r s  o f  each  p a i r  o f  f i s h  w ere  u s e d  t o  s e e  i f  
a  r e l a t i o n s h i p  c o u ld  b e  e s t a b l i s h e d  and m a in t a in e d  i n  any t a n k ,  r e g a r d ­
l e s s  o f  w h ich  f i s h  n o r m a l ly  l i v e d  t h e r e ,  o r  i f  dom inance was a
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f u n c t i o n  o f  r e s i d e n c y .  The fo rm e r  s i t u a t i o n  was t h e  r e s u l t .  The 
d o m in a n t - s u b o r d in a t e  r e l a t i o n s h i p s  e s t a b l i s h e d  d u r in g  t h e  f i r s t  
e n c o u n t e r s  re m a in e d  t h e  same d u r in g  t h e  o t h e r  e n c o u n te r s  e x c e p t  i n  two 
c a s e s  w h ere  a  f i s h  t h a t  f l e d  d u r in g  t h e  f i r s t  e n c o u n te r  em erged dom i­
n a n t  i n  t h e  se c o n d  two e n c o u n t e r s .  In  a d d i t i o n ,  o u t  o f  s e v en  f i r s t  
e n c o u n t e r s ,  t h e  r e s i d e n t  f i s h  won t h r e e  t im e s  and t h e  n o n - r e s i d e n t  
won f o u r  t im e s  (T a b le  2 ) .  T h is  a p p r o x im a te ly  e q u a l  d i s t r i b u t i o n  o f  
dom inance be tw een  r e s i d e n t  and  n o n - r e s i d e n t  f i s h  d i f f e r s  from  e x p e r i ­
m en ts  by  Braddock (1949) i n  w hich  r e s i d e n t  p l a t y f i s h  (P l a t y p o e c i l i s  
(X ip h o p h o ru s )  m a c u la tu s )  won s i g n i f i c a n t l y  more o f t e n  th a n  n o n - r e s i d e n t  
f i s h .
Sex c o u ld  p o s s i b l y  h av e  a f f e c t e d  t h e  outcom e o f  b a t t l e s  b u t  t h i s  
a l s o  d id  n o t  seem t o  be  a  d e c i s i v e  f a c t o r .  T a b le  3 shows t h a t  o u t  o f  
s i x  p a i r s  o f  o p p o s i t e  s e x e s ,  m a le s  were d o m in an t t h r e e  t im e s  and 
f e m a le s  w ere  dom inan t t h r e e  t i m e s .  T h i s ,  a g a i n ,  i s .  a  o n e - to - o n e  
r a t i o  o f  m a le s  t o  f e m a le s ,  s i m i l a r  t o  t h e  r a t i o  o f  r e s i d e n t  and 
n o n - r e s i d e n t  dom inan t f i s h  and i n d i c a t e s  t h a t  b e in g  a  member o f  one o r  
t h e  o t h e r  s e x  does  n o t  c o n f e r  dom inance .
When s i z e  o f  t h e  f i s h  i s  c o n s id e r e d ,  a  p o s s i b l e  c a u s e  o f  dom inance 
i s  fo u n d  (T a b le  4 ) .  I n  e v e r y  p a i r ,  t h e  d om inan t f i s h  was t h e  h e a v i e r  
f i s h .  When b o th  f i s h  w ere  t h e  same l e n g t h ,  t h e  h e a v i e r  f i s h  won. In  
t h e  f i r s t  p a i r i n g  e x p e r im e n t s ,  one p a i r  w h ich  d id  n o t  e s t a b l i s h  
d e f i n i t e  dom inance and s u b o rd in a n c e  had c l o s e  t o  t h e  same w e ig h ts  
( T a b le  4 ,  F i s h e s  13 and 1 6 ) .  I n  another* p a i r ,  dom inance was r e v e r s e d  
i n  t h e  se c o n d  e n c o u n te r  t o  t h e  h e a v i e r  f i s h ,  w h ich  re m a in e d  dom inan t
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TABLE 2 
DOMINANCE VS. RESIDENCY
P a i r
R e s id e n t  D uring  
F i r s t  E n c o u n te r
Dominant
F i s h
6 § 8 6 8
1 12 1 12
*3 4 4 4
10 § 11 10 11
*14 15 15 15
*13 § 16 16 16
5 7 7 5
* R e s id e n t  F i s h  = Dom inant F i s h
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TABLE 3 
SEXES OF EXPERIMENTAL PAIRS
Dominant S u b o r d in a te
F is h Sex F is h Sex
12 Male 1 Female
4 Male 3 Male
7 Fem ale 5 Male
6 Male 8 Fem ale
11 Fem ale 10 Male
16 M ale 13 Fem ale
15 Female 14 Male
T o t a l 4 M ales*
3 Fem ales
T o ta l 4 M ales*
3 Fem ales
*One p a i r  was m a le -m a le .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
46
TABLE 4 
SIZES OF EXPERIMENTAL PAIRS
Doïïii n a n t  
F i s h
L eng th  
(cm. )
h e i g h t
Cgm.')
S u b o r d in a te
F i s h
Leng th  
(cni, )
Weigh
Cgm.;
32 1 9 .5 10 5 .0 1 1 8 .5 8 9 .2
4 1 7 .5 8 6 .4 3 1 7 .0 85. 0
7 1 9 .5 1 0 4 .4 5 1 8 .0 8 3 .0
6 18. 5 10 4 .7 8 1 8 .0 9 5 .6
11 1 7 .5 6 9 .2 10 1 6 .0 5 6 .5
16 1 9 .0 9 6 .2 13 1 8 .5 9 4 .1
15 18 .5 9 5 .8 14 1 3 .5 8 3 .0
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i n  t h e  t h i r d  e n c o u n te r  (T a b le  4 ,  F i s h e s  5 and 7 ) .  In  one i n s t a n c e ,  
dom inance was r e v e r s e d  b e tw e e n  t h e  f i r s t  and se c o n d  p a i r i n g  e x p e r i ­
m en ts  and T a b le  1 shows t h a t  t h e  f i s h  in v o lv e d  a l s o  r e v e r s e d  t h e i r  
s i z e  r e l a t i o n s h i p  (T a b le  1 , F i s h e s  6 and 8 ) .  Todd (1968) b e l i e v e d  
t h a t  s i z e  was t h e  d e t e r m in in g  f a c t o r  f o r  d o m in a n t - s u b o r d in a t e  r e l a ­
t i o n s h i p s  i n  y e l lo w  b u l l h e a d s ;  B aerends  and B a e re n d s -v a n  Roon (1950) 
o b s e rv e d  t h i s  f o r  c i c h l i d s ;  Braddock (1949) f e l t  s i z e  was im p o r t a n t  
i n  d e c i d i n g  dom inance i n  p l a t y f i s h ;  and G ibson  (1968) o b s e rv e d  t h a t  
t h e  l a r g e r  b le n n y  ( B le im iu s  p h o l i s ) i n  a p a i r  a lw ays  became d o m in an t .
I n  a d d i t i o n  t o  s u b o r d i n a t e  f i s h  b e in g  s m a l l e r  th a n  dom in an t 
f i s h ,  t h e y  a l s o  e x h i b i t  f e w e r  a g g r e s s i v e  b e h a v i o r s  and more s u b m is s iv e  
b e h a v i o r s .  The i n d i v i d u a l  b e h a v i o r s  w hich  t h e  f i s h  p e r fo rm  w ere c o u n te d  
and summed f o r  e a c h  e n c o u n t e r .  The a c t s  w ere  c l a s s i f i e d  as a g g r e s ­
s i v e  ( b e h a v io r s  c a u s in g  o r  p o t e n t i a l l y  c a u s in g  harm t o  t h e  o t h e r  
f i s h ) ,  s u b m is s iv e  ( b e h a v io r s  show ing d e f e r e n c e  t o  t h e  o t h e r  f i s h ) ,  
i n t e r a c t i v e  ( n o t  c l e a r l y  a g g r e s s i v e  b e h a v i o r s  i n v o l v i n g  one f i s h  
a c t i n g  upon a n o t h e r ) , and  n o n - c o n t a c t  ( b e h a v io r s  p e r fo rm e d  b y  one f i s h  
i n v o l v i n g  n o  c o n t a c t  w i th  a n o t h e r  f i s h ) .
T a b le  5 shows t h e  r e s u l t s  o f  t h r e e  e n c o u n te r s  f o r  f i v e  p a i r s  
o f  f i s h  ( tw o p a i r s  w ere  n o t  i n c l u d e d  i n  t h e  T a b le  b e c a u s e  f o r  one p a i r  
dom inance was n o t  e s t a b l i s h e d  d u r in g  t h e  t h r e e  e n c o u n te r s  and f o r  
t h e  o t h e r  p a i r ,  dom inance ch an g ed  from  one f i s h  t o  t h e  o t h e r  i n  t h e  
l a s t  two e n c o u n t e r s ) .  IVhen th e  num bers o f  b e h a v i o r s  p e r fo rm e d  by 
d o m in a n ts  and s u b o r d i n a t e s  f o r  e a c h  e n c o u n t e r  a r e  com pared , d o m in an t  
f i s h  p e r fo rm e d  m ore a g g r e s s i v e  and l e s s  s u b m is s iv e  b e h a v i o r s  th a n
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RESULTS OF PAIRING EXPERir^ŒNTS 
(T h re e  E n c o u n te rs  f o r  F iv e  P a i r s  o f  F i s h ]
A g g r e s s iv e  B e h a v io r s
Act
Dominant S u b o rd in a t e
1*
E n c o u n te r  
2 3 T o t a l 1
E n c o u n te r  
2 3 T o ta l
1. G ape...................... 3 S 14 25 2 0 6 8
2.
3.
Gape s i d e ..........
F o llow  w i th
44 15 29 87 25 1 2 28
Gape...................... 1 4 9 14 4 0 0 4
4. T a i l  L a sh .......... 43 11 43 97 13 8 8 29
5. Push S i d e .......... 10 3 12 25 1 2 0 3
6. T a i 1 - n i p . . . . . . 8 8 4 20 3 0 0 3
7 . S i d e - n i u ............ 6 8 7 21 10 0 1 11
8. T o p - n i p ............... ] 2 0 3 3 0 0 3
9. C h a se .................... 4 1 3 8 5** 0 0 5
10. J a w lo c k ............... 2 1 4 7 0 1 4 5
11. Push J a w ............ 1 1 1 3 0 0 0 0
12. Bump. . . . . . . . . . 4 1 1 6 3 0 0 3
13. Lay O ver T o p . . 0 1 2 3 1 0 0 1
T o t a l 127 64 128 319 70 12 21 103
B. Subm iss iv e  B e h a v io rs
1. F l e e . . . . . . . . . . 7** 2 0 9 24 18 16 58
2 . F a l l - t o - B o t t o m 3 0 0 3 0 4 5 9
3. Le a n . . . . . . . . . . 0 0 0 0 0 0 3** 3
4. D r i f t .................... 0 0 0 0 0 0 2** 2
5. Q u iv e r ................. 0 3** 2** 5 0 5** 20** 25
6. F l u t t e r .......... 4 2 5 11 23 18 10 51
T o t a l 14 7 7 28 47 45 56 148
* T o ta l  t im e  (5 p a i r i n g s ) :  E n c o u n te r  1 — 50 m in . ;  E n c o u n te r  2 — 48 
m i n . ;  E n c o u n te r  3~~56 m in .
**One f i s h
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TABLE 5 -  C o n t in u e d
G. I n t e r a c t i v e  B e h a v io rs
Dom inant S u b o r d in a te
Act
1*
E ncount
2
e r
5 T o ta l 1
E n c o u n te r  
2 3 T o ta l
1. Chew b a r b e l . . . 1 0 0 1 0 2 0 2
2. F e e l  o t h e r . . . . 0 1 4 5 0 3 G 3
3. Fo llow  t a i l . . . 2 3 0 5 2 0 0 2
4. P a r t  away.......... 2 1 1 4 1 0 2 3
5. One c u r v i n g . . . 5** 3** 3 11 4** 4** 11 19
6. Touch o t h e r . . . 3 16 13 32 4 4 7 15
7. F o l lo w ................. 37 9 12 58 30 3 3 36
8. F o llow  t r a i l . . 1 3 2 6 1 0 0 1
9. Nose u n d e r . . . . 1 2 9 12 1 0 1 2
10. A p p ro a c h ............ 20 5 20 45 3 3 8 14
T o t a l 72 43 64 179 46 19 32 97
D. N o n -C o n ta c t  B e h a v io rs
1. L ie  on Bottom . 29 31 40 100 IS 22 36 76
2. Swim...................... 42 28 77 147 47 37 72 156
3. R a is e  d o r s a l . . 15 5 20 40 9 3 15 27
4 . E a t ......................... 2 0 8 10 2 1 3 6
5. R o c k - s p i t .......... 0 0 2 2 0 3 2 5
6. F e e l  t a n k .......... 8 10 19 37 11 6 7 24
7. Touch t a n k . . . . 0 0 4 4 1 5 0 6
8. D e f e c a t e ............ 0 0 1 1 1 0 0 1
9.
10.
Arch u p ...............
T a i l  l a s h
0 1 0 1 0 0 0 0
w a t e r . ................. 0 3 5 8 0 0 0 0
11. Swim-b a r b e I s . . 0 0 3 3 2 0 0 2
T o t a l 96 78 179 353 91 77 135 303
* T o ta l  t im e  [5 p a i r i n g s ) : E n c o u n te r  1— 50 m i n . ; E n c o u n te r  2 - -4 S  
m i n . ; E n c o u n te r  3 - - 5 6  m in .
’i'*One f i s h
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TABLE 5 -  C o n tin u e d 50
E. S im u l ta n e o u s  A cts  by Two F i s h
A ct
1*
E n c o u n te r  
2 3 T o t a l
1. B oth  c u r v i n g , . . 2** 0 6
2. C i r c l i n g . . . . . . . 5 4 2 11
3 . P a s s - b v . ............... 8 4 15 27
4. F a c e - t o - P a c e . . . 10 3 8 21
5. H e a d - to - H e a d . . . 2 5 8 15
6. H e a d - t o - T a i l . . . 1 6 3 10
7. W ig g l in g ............ .. 0 2 0 2
T o t a l 31 25 36 92
* T o ta l  t im e  (5 p a i r i n g s ) :  E n c o u n te r  1 - -5 0  m i n . ;  E n c o u n te r  2 — 48 
m i n . ; E n c o u n te r  3 - - 5 6  m in .
**One p a i r
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s u b o r d i n a t e  f i s h  in  51 o f  57 co m p a r iso n s  (T a b le  SA^ S B ), D om inants 
p e r fo rm e d  more i n t e r a c t i v e  b e h a v i o r s  t h a n  s u b o r d i n a t e s  i n  18 o f  30 
c o m p a r iso n s  (T a b le  5 C ) . D om inants  p e r fo rm e d  more n o n - c o n t a c t  b e h a v i o r s  
t h a n  s u b o r d i n a t e s  i n  16 o f  33 c o m p ar iso n s  (T a b le  5 D ) . (T a b le  5E shows 
b e h a v i o r s  w hich  t h e  f i s h  w ere  p e r fo r m in g  t o g e t h e r  r a t h e r  th a n  as  
i n d i v i d u a l s  and b e c a u s e  b o th  f i s h  a r e  p e r fo r m in g  t h e  beh av i o r s  a t  t h e  
same t im e  t h e r e  i s  n o  b a s i s  f o r  c o m p a r iso n  b e tw een  t h e  f i s h ;  o n ly  a  
b a s i s  f o r  s tu d y i n g  t h e  n a t u r e  o f  t h e  e n c o u n t e r s . )  Thus d o m in an t f i s h  
f o r  t h e  m ost p a r t  e x h i b i t  more a g g r e s s i v e  and l e s s  s u b m is s iv e  b e h a v i o r s  
th a n  s u b o r d i n a t e  f i s h .  Dom inant and s u b o r d i n a t e  f i s h  p e r fo rm  i n t e r ­
a c t i v e  and  n o n - c o n t a c t  b e h a v i o r s  w i th  a b o u t  e q u a l  f r e q u e n c y .
S t a t i s t i c a l  t e s t s  w ere  n o t  u s e d  t o  show s i g n i f i c a n c e  o r  n o n ­
s i g n i f i c a n c e  i n  t h e s e  r e s u l t s  b e c a u s e  o f  t h e  d i f f e r e n c e s  i n  d u r a t i o n  
o f  t h e  e n c o u n t e r s .
D i s c u s s io n  o f  P a i r i n g  E x p e r im e n ts
A g e n e r a l  p i c t u r e  o f  w in n in g  o r  dom inance and l o s i n g  o r  
s u b o rd in a n c e  i s  a p p a r e n t .  I t  seems a s  th o u g h  g r e a t e r  s i z e ,  and h e n ce  
g r e a t e r  s t r e n g t h ,  i s  t h e  key  d e t e r m in a n t  a s  t o  w h ich  member o f  a  p a i r  
w i l l  be d o m in a n t .  S e v e r a l  a g g r e s s i v e  and i n t e r a c t i v e  b e h a v i o r s  c o u ld  
s e r v e  as s i z e  d e t e r m i n a n t s .  P u sh in g  t h e  s i d e ,  b e in g  t a i l  l a s h e d ,  
p u s h in g  t h e  ja w ,  f e e l i n g ,  and n o s in g  u n d e r  c o u ld  t e l l  a  f i s h  how h eav y  
o r  l a r g e  t h e  o t h e r  f i s h  i s .  A tem a, Todd, and B ard ach  (1969) and 
B ae ren d s  and B a e re n d s -v a n  Roon (1950) b e l i e v e  t h a t  m outh f i g h t s  
( i n v o l v i n g  ja w lo c k s  and  p u s h in g  o f  t h e  jaw s)  a r e  a  t e s t  o f  s t r e n g t h
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and t h a t  h o ld in g  t h e  u p p e r  jaw  i n  su c h  a  f i g h t  o f t e n  l e a d s  t o  w in n in g  
( th o u g h  m outh f i g h t s  a r e  r a r e  and n o t  n e c e s s a r y  t o  e s t a b l i s h  domi­
n a n c e )  . A f t e r  a num ber o f  s t r e n g t h  t e s t s ,  one f i s h  b e g in s  t o  f l e e  and 
t h e  o t h e r  b e g in s  t o  c h a s e .  S u b se q u e n t  e n c o u n te r s  b e tw een  t h e  p a i r  a r e  
u s u a l l y  n e i t h e r  a s  v i o l e n t  n o r  a s  com plex a s  t h e  f i r s t  e n c o u n te r  and 
t h e  s u b m is s iv e  b e h a v i o r  i s  s e e n  e a r l i e r  i n  t h e  f i g h t ,  som etim es a t  t h e  
v e r y  b e g in n in g .
I n  t h e  se c o n d  p a i r i n g  e x p e r i m e n t s ,  t h e  l e n g t h  o f  t h e  e n c o u n t e r ,  
d e t e r m i n a t i o n  o f  t h e  d o m in an t  f i s h ,  and any u n u s u a l  e v e n t s  w ere  
r e c o r d e d .
R e s u l t s  and D i s c u s s io n  o f  F i r s t  W ater  E x p e r im e n ts  
I f  t h e  w a te r s  from  t h e  p a r t n e r  and s t r a n g e r  f i s h  t a n k s  c o n ta in e d  
no d i s c e m i b l y  d i f f e r e n t  o d o r s  o r  t a s t e s  from  t h e  t e s t  f i s h ' s  own 
w a t e r  o r  from  aged  w a t e r ,  t h e r e  w ould  b e  no  b e h a v i o r a l  d i f f e r e n c e  i n  
t h e  r e a c t i o n  t o  t h e  a d d i t i o n  o f  any o f  t h e  f o u r  w a t e r s .  T h u s ,  t h e  
n u l l  h y p o t h e s i s  was t h a t  t h e  f o u r  t r e a t m e n t s ,  i . e .  w a t e r s ,  w ould  
e l i c i t  t h e  same r e s p o n s e  o r  l a c k  o f  r e s p o n s e  from  t h e  f i s h  t e s t e d .
R e s u l t s  o f  F i r s t  W ater  E x p e r im e n ts
I n  t h e  f i r s t  s e t  o f  w a t e r  e x p e r i m e n t s ,  t h e r e  w e re  c l e a r  i n d i c a ­
t i o n s  t h a t  t h e  n u l l  h y p o t h e s i s  was f a l s e ,  t h a t ,  i n s t e a d ,  t h e  f i s h  w ere  
r e a c t i n g  d i f f e r e n t l y  t o  t h e  f o u r  w a t e r s  b e in g  ad d e d .  Vi/hen aged  o r  
s e l f  w a t e r s  w ere a d d e d ,  t h e  e x p e r im e n ta l  f i s h  w ould  l i e  on t h e  b o t to m  
w h i l e  t h e  w a t e r  was a d d e d ,  t h e n  g r a d u a l l y  resum e b e h a v i o r s  t y p i c a l  
o f  t h o s e  s e e n  d u r in g  m o st o f  t h e  d a y ,  s u c h  as  s lo w  c i r c l i n g  o f  t h e
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t a n k  o r  r e s t i n g  on t h e  b o t to m ,  Wien p a r t n e r  o r  s t r a n g e r  w a te r s  w ere  
ad d e d ,  h o w ev er ,  t h e  f i s h  r e s p o n d e d  d i f f e r e n t l y .  They p e r fo rm e d  
b e h a v i o r s  r a r e l y ,  i f  e v e r ,  s e e n  b e f o r e  t h e  w a t e r s  w ere ad d ed . T hese  
b e h a v i o r s  i n c l u d e d :  a r c h in g  u p ,  r a i s i n g  t h e  d o r s a l  f i n ,  swimming up 
i n  t h e  w a t e r ,  f a l l i n g  t o  t h e  b o t to m ,  p u s h in g  v i g o r o u s l y  i n t o  t h e  
g r a v e l ,  and b a n g in g  b e h in d  t h e  u n d e r g r a v e l  f i l t e r s .  They a l s o  
i n c r e a s e d  t h e  f r e q u e n c y  o f  f o u r  o t h e r  b e h a v i o r s :  swimming w i th  
b a r b e l s  i n  c o n t a c t ,  r o c k - s p i t t i n g ,  f e e l i n g ,  and to u c h i n g .  A f t e r  l y i n g  
on th e  b o t to m  d u r in g  t h e  a d d i t i o n  o f  t h e  w a t e r ,  t h e  f i s h  o f t e n  b egan  
w hat a p p e a re d  t o  be s e a r c h i n g  m ovem ents, i n  w hich  t h e y  swam q u i c k l y  
th ro u g h o u t  t h e  t a n k  and f e l t  and to u c h e d  p a r t i c u l a r l y  t h e  c o m e r s  
and t h e  u n d e r w a te r  f i l t e r .  O f te n  t h e  d o r s a l  f i n  was r a i s e d  p r i o r  t o  
l e a v in g  th e  b o tto m  and som etim es  i t  r e m a in e d  r a i s e d  d u r in g  t h e  
s e a r c h i n g .
U n f o r t u n a t e l y ,  t h e  t i m i n g  o f  t h e  a d d i t i o n  o f  t h e  w a te r s  was 
n o t  h e l d  c o n s t a n t  i n  t h e s e  f i r s t  w a te r  e x p e r im e n ts  an d ,  h e n c e ,  a  
s t a t i s t i c a l  c o m p ar iso n  o f  t h e  d i f f e r e n t  e x p e r im e n ts  c o u ld  n o t  be 
u n d e r t a k e n .  F ig u r e s  16 and 17 , h o w ev e r ,  show t h e  r e s u l t s  o f  t h e s e  
e x p e r im e n t s .  The o r d i n a t e  v a l u e s  o f  t h e s e  g r a p h s  w ere  o b ta in e d  b y  
c o u n t in g  t h e  number o f  t im e s  t h e  t e s t  f i s h  p e r fo rm e d  t h e  b e h a v i o r s  
g ra p h e d  i n  ea c h  t im e  p e r i o d .  F o r  F ig u r e s  16A and 17A, a l l  t h e  l o c o ­
m o t iv e  b e h a v io r s  p e r fo rm e d  d u r in g  t h e  e x p e r im e n ts  b y  t h e  s u b o r d i n a t e  
and dom in an t f i s h  w ere  t a b u l a t e d -  T h u s ,  t h e s e  g r a p h s  r e p r e s e n t  t h e  
g e n e r a l  a c t i v i t y  l e v e l s  o f  t h e  f i s h  t h r o u g h o u t  t h e  e x p e r im e n t s .  I n  
F i g u r e s  16B and 17B, t h e  b e h a v i o r s  d e s c r i b e d  above a s  t h o s e  w hich
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B. Tea  L o c o m o t i v e  B e h a v i o r s  W h i c h  i n c r e a s e  W h e n  D o m i n a n t  o r  
S t r o n g e r  W o t e r s  A r e  A d d e d  { T o t a l  f o r  7 F i sh )
FIG. 16 L o c o m o t i v e  B e h a v i o r  o f  S u b o r d i n a t e  Fi sh  i n  R e s p o n s e  t o  
i n t r o d u c t i o n  o f  W a t e r  f r o m  D o m i n a n t  F i s h ,  S t r a n g e r  F i s h ,  
O w n  T a n k  , a n d  A g i n g  T a n k  {  F i r s t  W a t e r  E x p e r i m e n t s J )
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B.  Ten  L o c o m o t i v e  B e h a v i o r s  W h i c h  I n c r e a s e  W h e n  S u b o r d i n a t e  
o r  S t r a n g e r  W a t e r s  A r e  A d d e d  ( T o t a l  f o r  7 F i s h )
F I G .  1 7  L o c o m o t i v e  B e h a v i o r  o f  D o m i n a n t  Fish in  R e s p o n s e  t o  
I n t r o d u c t i o n  o f  W a t e r  f r o m  S u b o r d i n a t e  F i s h ,  
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i n c r e a s e d  g r e a t l y  a f t e r  t h e  p a r t n e r  and s t r a n g e r  w a te r s  w ere added  a r e  
g r a p h e d .  T h ese  g ra p h s  r e p r e s e n t  a r e s p o n s e  s p e c i f i c a l l y  to  t h e  a d d i ­
t i o n  o f  o t h e r  f i s h  w a t e r s .
D is c u s s io n  o f  F i r s t  W ate r  E x p e r im e n ts
T h ese  g ra p h s  show a  d e p r e s s i o n  o f  a c t i v i t y  c a u se d  b y  th e  a d d i t i o n  
o f  any w a t e r ,  w i th  a  g r a d u a l  r e c o v e r y  i n  t h e  l e v e l  o f  lo c o m o tiv e  
a c t i v i t y .  I f  j u s t  t h e  b e h a v i o r s  s e e n  a f t e r  t h e  a d d i t i o n  o f  w a t e r  a r e  
c o n s i d e r e d ,  t h e  f i s h  show a  g r e a t e r  r e s p o n s e  t o  t h e  p a r t n e r  and 
s t r a n g e r  w a te r s  t h a n  t o  t h e  ag ed  o r  s e l f  w a t e r s .
VJhile t h e r e  i s  a d i s t i n g u i s h a b l e  d i f f e r e n c e  i n  t h e  r e s p o n s e s  t o  
p a r t n e r  and  s t r a n g e r  w a te r s  a s  com pared to  aged  and s e l f  w a t e r s ,  t h e  
d i f f e r e n c e  i s  n e t  p ro n o u n c e d .  T h u s ,  i t  was d e c id e d  t h a t  a s e c o n d  s e t  
o f  e x p e r im e n ts  s h o u ld  b e  p e r fo rm e d  w h ich  i n c o r p o r a t e d  c e r t a i n  ch an g e s  
from  t h e  f i r s t  s e t  o f  w a t e r  e x p e r im e n t s .
R e s u l t s  and  D i s c u s s i o n  o f  Second W ate r  E x p e r im e n ts  
I n  t h e  second  s e t  o f  w a t e r  e x p e r im e n t s ,  a  l a r g e r  q u a n t i t y  o f  
t e s t  w a t e r  was added  t o  a  s m a l l e r  amount o f  t a n k  w a t e r .  H o p e f u l ly ,  
t h e  r e s p o n s e  s e e n  i n  t h e  f i r s t  e x p e r im e n ts  w ou ld  t h u s  b e  en h a n c e d .  
A ls o ,  t h e  w a t e r  a d d i t i o n  t im e  was k e p t  c o n s t a n t ,  so  t h a t  e a c h  f i v e -  
m in u te  p e r i o d  i n  one e x p e r im e n t  c o u ld  be  com pared s t a t i s t i c a l l y  w i th  
t h e  c o r r e s p o n d in g  t im e  p e r i o d  i n  t h e  o t h e r  e x p e r i m e n t s .  F i n a l l y ,  
o b s e r v a t i o n s  w ere  r e c o r d e d  f o r  an  a d d i t i o n a l  f i v e  m in u te s  t o  s e e  i f  
a c t i v i t y  l e v e l s  w ould  r e t u r n  t o  n o rm a l f i f t e e n  m in u te s  f o l l o w i n g  
a d d i t i o n  o f  w a te r .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
57
R e s u l t s  o f  Second W ater E x p e r im e n ts
Locom otive  and s t a t i o n a r y  b e h a v i o r s  f o r  s u b o r d i n a t e  and dom inan t 
f i s h  b e f o r e ,  d u r i n g ,  aaid a f t e r  t h e  a d d i t i o n  o f  t e s t  w a t e r  a r e  shown 
i n  F i g u r e s  I S ,  19 , and 20 . The o r d i n a t e  v a l u e s  r e p r e s e n t  t h e  number 
o f  5 - s e c o n d  t im e  p e r i o d s  t h e  f i s h  s p e n t  p e r f o r m in g  t h e  b e h a v io r s  
g ra p h e d  and  t h e  a b s c i s s a  v a l u e s  a r e  t h e  t im e  i n t e r v a l s  from s t a r t  
t o  f i n i s h  o f  t h e  e x p e r im e n t .
In  F ig u r e  ISA, a l l  lo c o m o tiv e  b e h a v i o r s  o b s e rv e d  f o r  th e  
s u b o r d i n a t e  f i s h  d u r in g  t h e  f o u r  e x p e r im e n ts  a r e  g ra p h e d .  The f i s h  
w ere  more a c t i v e  f o l l o w i n g  t h e  a d d i t i o n  o f  s t r a n g e r  o r  dom inan t 
w a te r s  t h a n  a f t e r  t h e  a d d i t i o n  o f  aged  o r  s e l f  w a t e r s .  T he re  seem ed 
t o  be  a  s l i g h t l y  g r e a t e r  r e s p o n s e  t o  d o m in an t t h a n  t o  s t r a n g e r  w a t e r .  
A l l  f o u r  l e v e l s  o f  lo c o m o t iv e  a c t i v i t y  a p p ro a c h e d  t h e  l e v e l s  o b s e rv e d  
p r i o r  t o  t h e  a d d i t i o n  o f  w a t e r  f i f t e e n  m in u te s  a f t e r  t h e  w a te r  was 
a d d e d .
The t e n  b e h a v io r s  w h ich  i n c r e a s e  g r e a t l y  d u r in g  and a f t e r  t h e  
a d d i t i o n  o f  dom inan t and s t r a n g e r  w a te r s  w ere  t h e  same a s  t h o s e  
d e s c r i b e d  f o r  t h e  f i r s t  w a t e r  e x p e r im e n ts  (p .  5 3 ) .  S u b o r d in a te  f i s h  
showed a  g r e a t  i n c r e a s e  i n  t h e s e  t e n  b e h a v i o r s  i n  r e s p o n s e  t o  d o m in an t  
o r  s t r a n g e r  w a te r  and p r a c t i c a l l y  n o  i n c r e a s e  i n  r e s p o n s e  t o  aged  o r  
own w a t e r  ( F ig .  18B ).
By c o n t r a s t ,  t h e  lo c o m o t iv e  b e h a v i o r s  o t h e r  t h a n  t h e  t e n  
d i s c u s s e d  above e x h i b i t  s i m i l a r  ch an g es  i n  r e s p o n s e  t o  t h e  f o u r  d i f ­
f e r e n t  w a te r s  ( F ig .  IS C ) . A l l  a r e  d e p r e s s e d  d u r in g  and a f t e r  a d d i t i o n
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A .  T o to l  L o c o m o t i v e  B e h a v i o r s t 2 3  b e h a v i o r s )
N o t e  : Each o f  t h e  4  V a l u e s  in  E v e ry  5 — M i n u t e  T im e  P e r i o d  
R e p r e s e n t s  A T ota l  o f  All  t h e  L o c o m o t iv e  B e h a v i o r s  
T r e a t e d  in t h e  G r a p h  f o r  All t h e  Fish U n d e r  C o n s id e r a t io n  
a n d  Is E x p r e s s e d  As t h e  N u m b e r  o f  5 - S e c o n d  T im e  
P e r i o d s  S p e n t  P e r f o r m i n g  T h e s e  B e h a v i o r s .  This  
A p p l i e s  t o  A l l  F o l l o w i n g  G r a p h s .
FIG. 13 L o c o m o t i v e  B e h a v i o r  o f  S u b o r d i n a t e  Fish in 
R e s p o n s e  t o  I n t r o d u c t i o n  o f  W a t e r  f r o m  
D o m i n a n t  F ish ,  S t r a n g e r  F ish ,  O w n  T a n k  
a n d  A g i n g  T a n k  ( S e c o n d  W a t e r  E x p e r i m e n t s ;
T o t a l  f o r 6  Fish)
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I n d i c a t i n g  N o  R e a c t i o n  t o  T e s t  W a t e r s  E x c e p t  
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FIG. 19 L o c o m o t i v e  B e h a v i o r s  o f  D o m i n a n t  F ish  in 
R e s p o n s e  t o  A d d i t i o n  o f  W a t e r  f r o m  
S u b o r d i n a t e  F i s h ,  S t r a n g e r  Fish , O w n  
T a n k  a n d  A g in g  T an k  ( S e c o n d  W a t e r  
E x p e r i m e n t s  ; T o ta l  f o r  6  Fish)
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o f  t e s t  w a t e r ,  th e n  g r a d u a l l y  r e t u r n  t o  l e v e l s  c l o s e  t o  l e v e l s  p r i o r  
t o  t h e  a d d i t i o n  o f  w a t e r .
T re n d s  s i m i l a r  t o  t h o s e  o b s e rv e d  f o r  s u b o r d i n a t e  f i s h  a r e  seen, 
f o r  d o m in an t f i s h  w i th  one e x c e p t i o n  ( F ig .  1 9 ) .  A gain  t h e  a c t i v i t y  o f  
t h e  f i s h  i s  d e p r e s s e d  by t h e  a d d i t i o n  o f  any w a t e r  and t h e  s u b o r d i n a t e  
and s t r a n g e r  w a te r s  c a u s e  a  m arked  i n c r e a s e  i n  a c t i v i t y  f o l lo w in g  
t h e  a d d i t i o n  o f  t h e s e  w a t e r s .  However, t h e  s t r a n g e r  w a te r  r a t h e r  th a n  
t h e  s u b o r d i n a t e  w a t e r  c a u s e s  t h e  g r e a t e s t  i n c r e a s e  i n  a c t i v i t y ,  
w h e re a s  f o r  s u b o r d i n a t e  f i s h  t h e  d om inan t w a te r  e l i c i t e d  t h e  g r e a t e s t  
r e s p o n s e .
S t a t i o n a r y  b e h a v i o r s  o f  t h e  f i s h  ( F ig .  20) a r e  a p p r o x im a te ly  
r e c i p r o c a l s  o f  t h e  lo c o m o t iv e  b e h a v i o r s  o t h e r  th a n  t h e  t e n  lo c o m o tiv e  
b e h a v i o r s  w hich  i n c r e a s e  i n  r e s p o n s e  t o  o t h e r  f i s h  w a te r s  ( F ig .
ISC , 19C ). The s t a t i o n a r y  b e h a v i o r s  i n c r e a s e  w i t h  t h e  a d d i t i o n  o f  
w a t e r  and g r a d u a l l y  d e c r e a s e  t h e r e a f t e r .
A n a ly s i s  o f  V a r ia n c e
.An a n a l y s i s  o f  v a r i a n c e  was d e te r m in e d  f o r  t h e  t o t a l  lo c o m o tiv e  
b e h a v i o r s  o f  s u b o r d i n a t e  and d o m in an t  f i s h ,  f o r  t h e  t e n  b e h a v i o r s  
s e e n  i n  r e s p o n s e  t o  p a r t n e r  and s t r a n g e r  w a t e r s ,  and f o r  t h e  r e m a in in g  
lo c o m o t iv e  b e h a v i o r s  a f t e r  t h e  r e s u l t s  f o r  t h e  t e n  b e h a v io r s  a r e  
s u b t r a c t e d  (T a b le  6 ) .  F o r  t o t a l  lo c o m o t iv e  b e h a v i o r s ,  t h i s  t e s t  shows 
s i g n i f i c a n t  d i f f e r e n c e s  i n  r e s p o n s e s  t o  d i f f e r e n t  t e s t  w a te r s  i n  t h e  
f i r s t  and seco n d  5 -m in u te  p e r i o d s  a f t e r  t h e  w a t e r  was added  t o  s u b o r ­
d i n a t e  f i s h  t a n k s  and  i n  t h e  f i r s t  and  t h i r d  5 -m in u te  p e r i o d s  a f t e r  
w a t e r  was added t o  t h e  d o m in an t  f i s h  t a n k s .
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TABLE 6
RESULTS OF ANALYSIS OF VARIANCE 
(S econd  W ate r  E x p e r im e n ts )
A. T o t a l  Locom otive  A c t i v i t y
S u b o r d in a te Dominant
1 . 5 m in u te s  b e f o r e
w a t e r  added
2 .  W ate r  added
A c c e p t  Hq* p >. 05 A ccept Hq p> . 05
F i r s t  5 mi n u t e s  
a f t e r  w a t e r  added
S econd  5 
m in u te s  a f t e r  
w a t e r  added
T h i r d  5 m in u te s  
a f t e r  w a te r  added
A ccep t  Hq p>. 05 A ccept Hq p >. 05
R e j e c t  Hq pc.OS 
Dora>Aged 
Dom>Own 
S t r a n g e r  ? Aged 
D om +Stranger > 
Aged+Own
R e j e c t  Hq p < .0 5  
D om +Stranger>  
Aged+Own
A c c e p t  Hq p> . 05
R e j e c t  Hq p< . OS 
Stranger>O w n 
Sub+Stranger>Aged-' 
Own
A ccep t Hq p  05
R e je c t  Hq p < . 05 
No d i s c e r n i b l e  
d i f f e r e n c e
*Kq ( n u l l  h y p o t h e s i s )  = No d i f f e r e n c e  i n  b e h a v i o r s  when f o u r  t e s t  
w a t e r s  ( p a r t n e r ,  s t r a n g e r ,  own, and  aged) a r e  added
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TABLE 6 - C o n t in u e d 6S
B. R e a c t io n  t o  W ater  
(L ocom otive  B e h a v io rs  1 -10)
S u b o r d in a t e Dominant
S m in u te s  b e f o r e  
w a te r  added
2. W ater  added
F i r s t  5 m in u te s  
a f t e r  w a te r  added
Second 5 
m in u te s  a f t e r  
w a te r  added
T h i r d  5 m in u te s  
a f t e r  w a t e r  added
A ccep t  p 05
A ccep t  Hq p>. 05
R e j e c t  Hq p < .0 5  
Dom > Aged 
Dorn > Own 
S t r a n g e r  > Aged 
S t r a n g e r  ^  Own 
D om +Stranger >  
Aged+Own
R e j e c t  H p <  05 
Dom > Aged 
Dom > O wn 
S t r a n g e r »  Aged 
S t r a n g e r  *  Own 
Dom+Strangers» 
Aged+0\m
R e j e c t  Hq p ^ . 05 
No d i s c e r n i b l e  
d i f f e r e n c e
A ccep t H p> . OE
A ccep t p> . 05
R e j e c t  Kq p < . 05 
S t r a n g e r  > Aged 
S t r a n g e r  > Own 
S u b + S t r a n g e r > 
Aged+Ovm
A ccep t  Hq p >. 05
A ccep t  Hq p >. 05
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C. N o n -R e a c t iv e  B e h a v io rs  
(L ocom otive  B e h a v io r s  11-23]
1 .  5 m in u te s  b e f o r e
w a t e r  added
2 .  W ate r  added
4 .
F i r s t  5 
m in u te s  a f t e r  
w a t e r  added
Second  5 
m in u te s  a f t e r  
w a te r  added
S u b o r d in a te Dominant
A ccep t Hq p >. 05 A.ccept p > . 05
R e j e c t  Hq p ^ . 05 
Dom+Own >
S tran g e r+ A g ed
A ccep t Hq p >, 05
A c c e p t  H p > .0 5  A ccep t Hq p > . 05
A c c e p t  Hq p > .0 5  A ccep t Hq p > .0 5
T h i r d  5 
m in u te s  a f t e r  
w a t e r  added
A ccep t  Hq p > .0 5  A ccep t Hq p > .0 5
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A c c o rd in g  t o  S c h e f f e ' s  m ethod (G u e n th e r ,  1964) o f  d e te r m in in g  
w h ich  t r e a t m e n t s  d i f f e r e d  and i n  w hat way, i n  s u b o r d i n a t e  t a n k s  t h e  
d o m in an t  w a t e r  c a u s e d  g r e a t e r  a c t i v i t y  th a n  t h e  aged  o r  own w a t e r s ,  
t h e  s t r a n g e r  w a te r  c a u se d  g r e a t e r  a c t i v i t y  th a n  t h e  aged w a te r ,  and 
t h e  d o m in an t  and s t r a n g e r  w a te r s  ca u se d  a g r e a t e r  com bined r e s p o n s e  
t h a n  t h e  aged  and own w a t e r s .
A lso  a c c o r d in g  t o  S c h e f f e ' s  m e th o d , t h e  dom inan t f i s h  r e a c t e d  
w i th  g r e a t e r  a c t i v i t y  i n  t h e  f i r s t  f i v e  m in u te s  a f t e r  s t r a n g e r  w a te r  
was added  th a n  a f t e r  t h e i r  own w a te r  was added . In  a d d i t i o n ,  t h e  com­
b in e d  r e s p o n s e  t o  s u b o r d i n a t e  and s t r a n g e r  w a te r s  by dom inant f i s h  
showed a  h i g h e r  l e v e l  o f  a c t i v i t y  th a n  t h e  r e s p o n s e  t o  aged and own 
w a t e r s .  The d i f f e r e n c e  i n  r e s p o n s e  d e t e c t e d  by a n a l y s i s  o f  v a r i a n c e  
i n  t h e  f o u r  w a te r s  i n  t h e  t h i r d  f i v e  m in u te s  a f t e r  w a te r  was added  was 
so  s l i g h t  i t  c o u ld  n o t  be  d e t e c t e d  by  S c h e f f e ’ s  m ethod.
The a n a l y s i s  o f  v a r i a n c e  f o r  t h e  t e n  b e h a v i o r s  w hich  i n c r e a s e d  
upon a d d i t i o n  o f  o t h e r  f i s h  w a te r s  shows r e s u l t s  s i m i l a r  t o  t h e  
a n a l y s i s  o f  v a r i a n c e  f o r  t o t a l  lo c o m o tiv e  b e h a v i o r s .  The n u l l  h y p o ­
t h e s i s  t h a t  t h e r e  was no  d i f f e r e n c e  i n  t r e a t m e n t s  was r e j e c t e d  f o r  
t h e  t h r e e  c o n s e c u t i v e  5 -m in u te  p e r i o d s  f o l l o w i n g  a d d i t i o n  o f  w a te r  
t o  t h e  s u b o r d i n a t e  t a n k s  and  i t  was r e j e c t e d  f o r  t h e  f i r s t  5 -m in u te  
p e r i o d  f o l lo w in g  w a te r  a d d i t i o n  t o  t h e  d o m in an t  t a n k s .
Foi* t h e  f i r s t  and se c o n d  5 -m in u te  p e r i o d s  a f t e r  a d d i t i o n  o f  w a te r  
t o  t a n k s  w i th  s u b o r d i n a t e  f i s h ,  S c h e f f e ’ s m ethod  shows t h e s e  b e h a v io r s  
t o  be  p e r fo rm e d  more d u r in g  t h e  a d d i t i o n  o f  d o m in an t  o r  s t r a n g e r  w a te r  
t h a n  d u r in g  t h e  a d d i t i o n  o f  aged  o r  s e l f  w a t e r .  The d i f f e r e n c e  i n
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t r e a t m e n t s  i n  t h e  t h i r d  5 -m in u te  p e r i o d  was n o t  a s c e r t a i n a b l e  by 
S c h e f f e ' s  m ethod .
The d o m in a n ts  p e r fo r m  t h e  t e n  b e h a v io r s  b e l i e v e d  t o  be a  r e s p o n s e  
t o  t h e  w a t e r  o r  a n o t h e r  f i s h  m ore a f t e r  s t r a n g e r  w a te r  i s  added th a n  
a f t e r  aged  o r  ovm w a te r  i s  ad d ed . The r e s p o n s e s  t o  s u b o r d i n a t e  and 
s t r a n g e r  w a te r s  w ere  t o g e t h e r  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  r e s p o n s e s  
t o  ag ed  and own w a t e r .
A n a ly s i s  o f  v a r i a n c e  i n d i c a t e s  t h a t  f o r  lo c o m o tiv e  b e h a v io r s  
o t h e r  t h a n  th e  t e n  b e h a v i o r s  obse rv 'ed  as  a  r e a c t i o n  t o  w a te r  o f  o t h e r  
f i s h ,  t h e r e  a r e  no s i g n i f i c a n t  d i f f e r e n c e s  among r e s p o n s e s  t o  t e s t  
w a t e r s  e x c e p t  j u s t  a s  t h e  w a t e r  i s  added t o  s u b o r d i n a t e  f i s h  t a n k s .  
S c h e f f e ' s  m ethod f i n d s  no d i f f e r e n c e  b e tw een  r e s p o n s e s  t o  e a c h  
i n d i v i d u a l  ty p e  o f  w a t e r ,  b u t  does  i n d i c a t e  t h a t  a c t i v i t y  i s  g r e a t e r  
i n  r e s p o n s e  t o  d o m in an t p l u s  own w a te r s  thari  t o  s t r a n g e r  p l u s  aged  
w a t e r s .  A l l  o f  t h e  a c t i v i t y  l e v e l s  a r e  s o  low a t  t h i s  p o i n t ,  h o w ev e r ,  
t h a t  t h i s  d i f f e r e n c e  may n o t  b e  s i g n i f i c a n t  b e c a u s e  o f  t h e  s m a l l  
num ber o f  b e h a v io r s  p e r fo rm e d  and t h e  r e l a t i v e l y  s m a l l  sam ple  s i z e .
D i s c u s s io n  o f  Second W ater  E x p e r im e n ts
F o l lo w in g  t h e  a d d i t i o n  o f  t e s t  w a t e r s ,  b o th  dom inan t and  s u b o r ­
d i n a t e  f i s h  r e a c t  more t o  t h e  a d d i t i o n  o f  p a r t n e r  o r  s t r a n g e r  w a te r s  
th a n  t o  t h e  a d d i t i o n  o f  aged  o r  s e l f  w a te r s -  T h is  i n d i c a t e s  t h a t  t h e  
f i s h  can  r e c o g n iz e  a  d i f f e r e n t  q u a l i t y  i n  t h e  w a t e r s  from  o t h e r  f i s h  
t h a t  i s  n o t  c h a r a c t e r i s t i c  o f  t h e i r  own w a te r  o r  aged  w a te r .  I n  some 
w ay, w a t e r  from  a  f i s h  p r e v i o u s l y  e n c o u n te r e d  and w a te r  from  a
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s t r a n g e r  f i s h  d i f f e r  from  w a t e r  o u t  o f  t h e  t e s t  f i s h ’s  own t a n k  and 
w a t e r  o u t  o f  t h e  a g in g  t a n k .
F u r th e r m o r e ,  a l th o u g h  t h e r e  seems t o  be no  q u a l i t a t i v e  d i f f e r e n c e  
b e tw e e n  d o m in a n ts  and s u b o r d i n a t e s  i n  t h e i r  r e s p o n s e  t o  o t h e r  f i s h  
w a t e r s ,  t h e r e  d o es  seem t o  be  a te m p o ra l  and q u a n t i t a t i v e  d i f f e r e n c e .  
S u b o r d in a t e  f i s h  h av e  a  more p ro n o u n c e d ,  l o n g e r ,  and more c o n t in u o u s  
r e s p o n s e  com pared  t o  t h e  d o m in a n ts '  r e s p o n s e .  T h is  d i f f e r e n c e  i n  
r e s p o n s e  may b e  c a u s e d  by  a  d i f f e r e n c e  i n  t h e  w a te r s  o r  by b e h a v i o r a l  
d i f f e r e n c e s  be tw een  dom in an t and s u b o r d i n a t e  f i s h .
A d e f i n i t e  r e c o g n i t i o n  o f  a  d i f f e r e n c e  be tw een  two f i s h  w a te r s  
w ould  b e  e v i d e n t  i f  t h e r e  w ere  a  d i f f e r e n t  b e h a v i o r a l  r e s p o n s e  t o  
p a r t n e r  th a n  t o  s t r a n g e r  w a t e r .  T h is  h a s  b e e n  r e p o r t e d  f o r  y e l lo w  
b u l l h e a d s  (Todd, 1968; B ard ach  Ç Todd, 1 9 7 0 ) ,  The dom inan t b u l l h e a d s  
a t t a c k e d  s u b o r d i n a t e  w a te r  and  s u b o r d i n a t e  b u l l h e a d s  a v o id e d  dom inarit 
w a t e r .  Thus t h e  a g g r e s s i v e  and s u b m is s iv e  b e h a v i o r s  s e e n  i n  t h e  
p a i r i n g  o f  t h e  y e l lo w  b u l l h e a d s  w ere  a l s o  s e e n  i n  t h e i r  r e s p o n s e s  t o  
t e s t  w a t e r s .  No su c h  q u a l i t a t i v e  d i f f e r e n c e  i n  r e s p o n s e  t o  p a r t n e r  
v e r s u s  s t r a n g e r  w a te r s  o r  s u c h  a g g r e s s i v e  o r  s u b m is s iv e  b e h a v io r s  w ere 
s e e n  i n  t h e  w a te r  e x p e r im e n t s  w i t h  t h e  b l a c k  b u l l h e a d s .  I f  b l a c k  
b u l l h e a d  r e s p o n s e s  a r e  p l o t t e d  on a  g r a p h ,  t h e  r e s u l t s  i n d i c a t e  t h a t  
t h e  s u b o r d i n a t e s  a r e  more a c t i v e  when w a t e r  o f  a d o m in an t f i s h  i s  
a d d ed  th a n  when w a t e r  o f  a  f i s h  t h e y  h a v e  p r e v i o u s l y  n o t  e n c o u n te r e d  
i s  added  ( F ig .  18A, B ) . C o n v e r s e ly ,  t h e  d o m in an t f i s h  show a g r e a t e r  
i n c r e a s e  i n  a c t i v i t y  when t h e  w a t e r  o f  a  f i s h  t h e y  h av e  n o t  e n c o u n te r e d  
i s  added  t h a n  when t h e  w a t e r  o f  a f i s h  t h e y  h a v e  a l r e a d y  d o m in a te d  i s
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ad ded  ( F ig .  19A, B ) . Howeverj t h e  s t a t i s t i c a l  t e s t s  do n o t  i n d i c a t e  
a  s i g n i f i c a n t  q u a n t i t a t i v e  d i f f e r e n c e  i n  e i t h e r  dom inan t o r  s u b o r d i n a t e  
r e s p o n s e s  t o  p a r t n e r  v e r s u s  s t r a n g e r  w a t e r s .  I f  t h e s e  e x p e r im e n ts  h a d  
b een  p e r fo rm e d  f o r  s e v e r a l  more p a i r s  o f  f i s h ,  t h i s  t r e n d  may h av e  
p r o v e n  t o  be s t a t i s t i c a l l y  d i s c e r n i b l e .  A ls o ,  t h e  e x p e r im e n ts  were 
p e r fo rm e d  i n  March w hich  i s  two months from t h e  b e g in n in g  o f  t h e  b l a c k  
b u l l h e a d  spaw ning s e a s o n .  Tlie gonads o f  b o th  s e x e s  w ere  l a r g e r  t h a n  
t h o s e  o f  f i s h  d i s s e c t e d  i n  m id - w in t e r .  Magnuson (1962) n o te d  a change  
i n  m edaka d o m in a n t - s u b o r d in a t e  r e l a t i o n s h i p s  w i th  t h e  o n s e t  o f  t h e  
b r e e d i n g  s e a s o n .  I t  c o u ld  be  t h a t  a  more p ro n o u n c e d  r e a c t i o n  b y  t h e  
b u l l h e a d s  in  March was p r e v e n t e d  b y  ho rm ona l ch an g es  b e g in n in g  t o  
o c c u r  w i th  t h e  a p p ro a c h  o f  t h e  b r e e d in g  s e a s o n .
H ie s e  e x p e r im e n ts  i n d i c a t e  t h a t  a  b l a c k  b u l l h e a d  can d e r i v e  some 
i n f o r m a t i o n  from  t h e  w a t e r  t h a t  e n a b le s  i t  t o  d i s t i n g u i s h  w a te r  t h a t  
h a s  c o n t a i n e d  o t h e r  b u l l h e a d s  from w a t e r  t h a t  h a s  c o n ta in e d  o n ly  
i t s e l f  o r  no b u l l h e a d .  T h is  i n f o r m a t i o n  m ust b e  a  c h em ica l  ( e i t h e r  
an  o d o r  o r  t a s t e ) . F u r t h e r ,  t h e r e  i s  a  d e f i n i t e  d i f f e r e n c e  i n  t h e  
r e s p o n s e  o f  s u b o r d i n a t e  f i s h  t o  t e s t  w a te r s  com pared t o  t h e  r e s p o n s e  
o f  d o m in an t  f i s h  t o  t e s t  w a t e r s .  T h e re  i s  a l s o  an i n d i c a t i o n  t h a t  t h e  
b u l l h e a d s  can  d i s t i n g u i s h  w a t e r  from  a f i s h  p r e v i o u s l y  e n c o u n te r e d  as  
o p p o sed  t o  w a te r  from  a  f i s h  n e v e r  b e f o r e  e n c o u n te r e d .
I f  t h e  f i s h  a r e  d e t e c t i n g  a  s p e c i f i c  c h e m ic a l  p ro d u c e d  by 
o t h e r  b l a c k  b u l l h e a d s  w hich  t r a n s m i t s  i n f o r m a t i o n ,  th e n  t h i s  c h e m ic a l  
n a y  b e  c a l l e d  a pherom one. I t  w ould  b e  w i s e ,  h o w e v e r ,  t o  r e f r a i n  from 
d i s c u s s i n g  pherom ones i n  b l a c k  b u l l h e a d s  u n t i l  f u r t h e r  r e s e a r c h  h a s  
s a t i s f i e d  as  y e t  u n a n sw e re d  q u e s t i o n s .
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S u g g e s t io n s  f o r  F u tu r e  R e se a rc h  
F u r t h e r  l a b o r a t o r y  and f i e l d  r e s e a r c h  i s  n e c e s s a r y  t o  l e a m  t h e  
r o l e  o f  ch em o r ,ecep tio a  i n  t h e  s o c i a l  l i f e  o f  b l a c k  b u l l h e a d s  i n  ponds 
and r i v e r s .  Tlie e x p e r im e n ts  p e r fo rm e d  f o r  t h i s  s tu d y  s h o u ld  b e  done 
d u r in g  a l l  s e a s o n s  o f  t h e  y e a r  t o  s e e  i f  t h e  r e s p o n s e s  change w i th  
t im e  o f  y e a r  o r  b r e e d in g  c o n d i t i o n .  They s h o u ld  b e  r e p e a t e d  w i th  
f i r s t  t h e  o l f a c t o r y  a p p a r a t u s  and th e n  t h e  t a s t e  buds  a b l a t e d  t o  s e e  
i f  t h e  r e s p o n s e  i s  o l f a c t o r y  o r  g u s t a t o r y .  I t  may be im p o r ta n t  t o
p e r fo rm  t h e  e x p e r im e n ts  soon  a f t e r  c a p t u r e  o f  t h e  f i s h  s i n c e  a t  l e a s t
one s e t  o f  r e s e a r c h e r s  r e p o r t s  d im in i s h e d  o l f a c t o r y  and g u s t a t o r y  
r e s p o n s e s  i n  c a t f i s h  f o l l o w in g  a  p e r i o d  o f  c a p t i v i t y  (T u c k e r ,  1973).
E x p e r im e n ts  t o  l o c a t e  t h e  s o u r c e  o f  t h e  c h e m ic a l  c o u ld  be  c a r r i e d  
o u t  by  t e s t i n g  t h e  f i s h ' s  s l i m e ,  u r i n e ,  o r  o rg a n  e x t r a c t s  i n  p l a c e  o f
w a t e r  from  a n o t h e r  f i s h ' s  t a n k .
O b s e r v a t io n s  i n  t h e  f i e l d  a r e  n e e d e d  t o  e s t a b l i s h  t h e  s o c i a l  
l i f e  o f  b u l l h e a d s  i n  n a t u r a l  h a b i t a t s  and  th e n  a b l a t i o n  o f  o l f a c t o r y  
and g u s t a t o r y  a p p a r a t u s e s  c o u ld  b e  p e r fo rm e d  on f i s h  i n  t h e s e  n a t u r a l  
c o n d i t i o n s .
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CHAPTER V 
CONCLUSIONS AND SmiMARY
1. Ulien two b l a c k  b u l l h e a d s  f i g h t ,  t h e  l a r g e r  b u l l h e a d  becomes t h e  
d o m in an t  f i s h .  The sex  o f  t h e  f i s h  and t h e  r e s i d e n t  s t a t u s  do n o t  
d e te r m in e  w h ich  f i s h  w i l l  b e  d o m in a n t .
2 . B o th  d o m in an t and s u b o r d i n a t e  b u l l h e a d s  can d i s t i n g u i s h  w a te r
o f  o t h e r  f i s h  from  t h e i r  own o r  n o n - f i s h  w a t e r s .  Both e ;c h ib i t  h i g h e r  
l e v e l s  o f  a c t i v i t y  and more s p e c i f i c  r e a c t i v e  b e h a v io r s  when w a t e r  o f  
o t h e r  f i s h  i s  added t o  t h e i r  t a n k ,  a s  com pared t o  when t h e i r  o\m o r  
aged  w a t e r  i s  a d d e d ;  t h e  s p e c i f i c  r e a c t i v e  b e h a v io r s  a r e  a r c h in g  u p ,  
swimming up i n  t h e  w a t e r ,  r a i s i n g  t h e  d o r s a l  f i n ,  p u s h in g  v i g o r o u s l y  
i n t o  t h e  g r a v e l ,  f a l l i n g  t o  t h e  b o t to m ,  and b a n g in g  b e h in d  t h e  
u n d e r g r a v e l  f i l t e r .
3 .  S u b o r d in a t e  b u l l h e a d s  r e s p o n d  w i th  h e i g h t e n e d  b e h a v i o r a l  a c t i v i t y  
l e v e l s  m ore c o n t i n u o u s l y ,  m ore v i g o r o u s l y ,  and f o r  a  lo n g e r  t im e  when 
w a t e r  from  o t h e r  b u l l h e a d s  i s  added  t o  t h e i r  t a n k s  t h a n  dom inan t f i s h  
d o .
4 . B lack  b u l l h e a d s  can  r e c o g n i z e  i n d i v i d u a l  d i f f e r e n c e s  i n  o t h e r  b l a c k  
b u l l h e a d s  b e c a u s e  t h e y  r e s p o n d  p r e d i c t a b l y  d i f f e r e n t l y  t o  w a t e r  from 
two o t h e r  b u l l h e a d s .  S u b o r d in a t e  b u l l h e a d s  r e s p o n d  w i th  h i g h e r  
a c t i v i t y  l e v e l s  t o  d o m in an t  w a t e r  t h a n  t o  s t r a n g e r  w a t e r ,  b u t  d om inan t 
b u l l h e a d s  r e s p o n d  more a c t i v e l y  t o  s t r a n g e r  w a te r  t h a n  t o  s u b o r d i n a t e  
w a t e r .
S„ B lack  b u l l h e a d s  r e s p o n d  d i f f e r e n t l y  t o  w a te r  from  t h e  home t a n k s
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o f  o t h e r  b u l i h e a J s  an d ,  h e n c e ,  roust be a b l e  t o  r e c o g n iz e  t h e s e  
d i f f e r e n c e s  by c h e r o o re c e p t io n .
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